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ANGINA PECTORIS 


THE CLINICAL AND ELECTROCARDIOGRAPHIC PHENOMENA OF THE 
ATTACK AND THEIR COMPARISON WITH THE EFFECTS OF 
EXPERIMENTAL TEMPORARY CORONARY OCCLUSION * 


FRANCIS .C. WOOD, M.D. 
NEW YORK 
AND 
CHARLES C. WOLFERTH, 
WitH THE TECHNICAL ASSISTANCE O} 
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PHILADELPHIA 


Innumerable hypotheses have been proposed to explain the mechan- 
ism of an attack of angina pectoris. Huchard* collected about eighty 
such hypotheses in his monograph. It is not within the scope of this 
paper to enumerate or to discuss the great majority of these. How- 
the present 


ct 


ever, the two that seem to be commanding most attention a 
time merit a brief outline. 

1. The “coronary hypothesis,” stated first by Parry,’ holds that the 
attack of angina pectoris is dependent on a temporary interference with 
the blood supply of a part of the heart muscle. This hypothesis is 
hased on the following points: (a) the frequency with which advanced 
coronary disease is found post mortem in patients who have died from 
angina pectoris; (>) the similarity of the syndromes of angina pectoris 
and coronary occlusion in regard to the character and location of the 
pain; (c) the adequate explanation of the mechanism of sudden death, 
i. e., ventricular fibrillation and (d) recent experimental work showing 
that pain can probably be produced by this mechanism.* 

* Submitted for publication, May 31, 1930. 

* From the Robinette Foundation, Medical Clinic, Hospital of the University 

f Pennsylvania. 
1, Huchard, H.: Maladies du coeur et des vaisseaux, Paris, Octave Doin, 


1889 
2. Parry, C. H.: An Inquiry into the Symptoms and Causes of the Syncope 
\nginosa, Commonly Called Angina Pectoris, Bath, R. Cruttwell, 1799, 
3. Singer, R.: Experimentelle Studien uber die Schmerzempfindlichkeit des 
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Herzens und der Groszen Gefasse und ihre Beziehung zur Angina pectoris, Wien. 
\rch. f. inn. Med. 12:193 (Feb.) 1926; 18:156 (Sept.) 1926; 14:113 (March) 
1927. Sutton, D. C., and King, W. W.: Physiologic Effects of Temporary 
Occlusion of the Coronary Vessels, Proc. Soc. Exper. Biol. & Med. 25:842 (June) 
1928. Sutton, D. C.: Effects of Temporary Occlusion of the Coronary Vessels 
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2. The “aortic hypothesis,” championed by -\llbutt * and Wencke- 
bach,® holds that angina pectoris is produced by distention of the first 
part of a diseased aorta. This hypothesis is based on the following 
points: (a) All available evidence seems to be opposed to the possi- 
bility that any grave change takes place in the heart muscle during 
the attack. Irregularity in pulse rate, a drop of blood pressure and 
signs of heart failure are not integral parts of an anginal attack. (/) 
Anything that weakens the heart muscle usually tends to prevent angina 
pectoris. (¢) Competent observers® have reported a few carefully 
studied cases of patients who have died from angina pectoris whose 
hearts showed no evidence of coronary disease post mortem. (d) Almost 
all cases of angina pectoris show aortic disease post mortem. (e) Aortic 
disease (aortitis, rupture, etc.) produces pain, similar in character and 
distribution to that produced by angina pectoris. (f) Experiments on 
animals have demonstrated the probable existence of sensory nerve 
fibers in the aortic adventitia which can give rise to pain if stimulated 
mechanically.® 

It is not certain that all cases of angina pectoris are dependent on 
one and the same mechanism.* However, the trend of current opinion 
seems to be toward the belief that the majority of the cases of true 
Heberden’s angina can be explained on a coronary basis. The main 
difficulty confronting this explanation. has been the almost complete lack 
of direct evidence that the heart is primarily involved during the 
paroxysm. Recently, data on this point have been supplied by nine 
cases, reported in the literature, in which attacks of angina pectoris 
have been studied by means of the electrocardiograph.* All of these 
(Proceedings of Central Society for Clinical Research), J. Clin. Investigatio1 
7:304 (June) 1929. Pearcy, J. F.; Priest, W. S., and Van Allen, C. M.: Pain 
Due to Temporary Occlusion of Coronary Arteries in Dogs, Am. Heart J. 4:3 
(April) 1929. 

4. Allbutt, Sir Clifford: Diseases of the Arteries, Including Angina Pectoris 
London, Macmillan & Company Ltd., 1915. 

5. Wenckebach, Kk. F.: Toter Punkt (“Second Wind”) und Angina Pectoris. 
Wien. klin. Wehnschr. 44:1 (Jan.) 1928. 

6. Osler, William: The Lumlian Lectures on Angina Pectoris, Lancet 1:697 
(March 12) 1910; 1:839 (March 26) 1910; 1:973 (April 9) 1910. Levy, R. L.: 
Cardiac Pain, Am. Heart J. 4:377 (April) 1929. Romberg, E.: Ueber Angina 
pectoris, Miinchen. med. Wehnschr. 76:797 (May 10) 1929. 

7. Wolferth, C. C., and Wood, F. C.: Angina Pectoris, M. Clin. Nort! 
America 13:951 (Jan.) 1930. 

8. Bousfield, G.: Angina Pectoris, Changes in the Electrocardiogram During 
a Paroxysm, Lancet 2:457 (Oct. 5) 1918. Feil, H.. and Siegel, M. L.: Electro- 
cardiographic Changes During Attacks of Angina Pectoris, Am. J. M. Sc. 175: 
255 (Feb.) 1928. Levy, J. R.: Valeur semiologique des altérations du complex 
ventriculaire électrique dans les syndromes angineux, Arch. d. mal. du coeur 
22:523 (Aug.) 1929. Levy refers to other reports on this subject. They wer 
investigated and found not to contain electrocardiographic studies made during 
the attacks. 
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cases but one (a case with a mild paroxysim)" showed a definite change 
in the ventricular complex during the attack. These electrocardio- 
graphic data have been cited by some writers ’® as evidence that all 
angina is coronary in origin. This inference is not justifiable on the 
basis of the evidence at hand. Certain questions remain to be answered : 
1. Do these electrocardiographic changes occur in every severe attack of 
angina pectoris? 2. Do they closely parallel the pain? 3. Are they 
due to some specific change in the heart, such as a temporary myocardial 
ischemia, or are they merely due to the exercise which provoked the 
attack or the changes in blood pressure or pulse rate which accom- 
panied it? 

ELECTROCARDIOGRAPHIC STUDIES OF ATTACKS OF ANGINA PECTORIS 

Thirty cases of angina pectoris were studied with the foregoing 
problems in mind. In six cases the attacks were spontaneous; in 
twenty-four cases the pain was induced by varying amounts of pre- 
scribed exertion, which was stopped at the first suggestion of pain. 
Some patients were studied in more than one attack. Whenever pos 
sible, electrocardiograms were taken before, several times during, and 
several times after, each attack. Blood pressure readings were taken 
at intervals during most of our studies. 

The decision as to whether the patient had an attack of “true angina” 
was not always easy to make. The decision was based on the usual 
clinical phenomena, the location, radiation and character of the pain, its 
relation to exertion and rest and the demeanor of the patient during 
the paroxysm. Doubtful cases were discarded. A study of the tracings 
that were obtained revealed that all of them showed transient changes 
in the ventricular complexes during the pain 

In an attempt to rule out exercise and alterations in blood pressur: 
or pulse rate as factors in the production of these electrocardiographi 
changes, a series of controls was studied. 1. The effect of various 
amounts of exercise on the electrocardiogram was observed in 100 
normal subjects, in 50 patients with cardiovascular disease other than 
angina (chronic valvular disease, hypertension, defects in conduction, 
electrocardiographic abnormalities, and myocardial insufficiency) and in 
12 patients with histories of anginal attacks in whom the prescribed 
exertion was not productive of a paroxysm. 2. The effect of paroxysmal 
pain, known to be due to an extracardiac lesion was studied in 4 
cases (ureteral colic, distended bladder. duodenal ulcer and diaphrag- 


matic hernia). 


9. Feil (footnote 8, second reference 
10. Danielopolu, D.: L’angine de poitrine et l'angine abdominale, Paris, Mas- 
son et Cie, 1927. Veil, P.. and Codina-Altes, J.: Traité d’electrocardiographie 
linique, Paris, Gaston-Doin et Cie., 1928, p. 387 
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It was found that these various control procedures frequently pro- 
duced profound temporary changes in the ventricular complex of the 
electrocardiogram, but that these changes were quite consistently of one 
type."’ As a rule, the Q-R-S complexes did not change perceptibly. 
With exhausting exercise the electrical axis of the heart tended to 
deviate toward the right (chart +). The T waves showed the most 
important alterations. The general rule was that inverted T waves 
tended to become upright, while upright waves increased in height 
(charts 1, 2 and 3). There were certain exceptions to this rule. In 
lead I the T wave was frequently unchanged by exertion; in untrained 
persons following exercise sufficiently exhausting to produce a definite 
shift of the electrical axis toward the right, the T wave in lead I some- 
times decreased in size parallel to the change in the R wave (chart 4). 
The only other exception to the general rule formulated was a man, 


Chart 1—Effects of exercise on a normal student, aged 21. Cardiovascular 
examination showed no abnormalities, except the slight reduction in size of Ti. 4 
represents the control tracing; B, tracing taken immediately after running up 
four flights of stairs in which marked increase in size of Tz and Ts occurred, and 
C, tracing taken five minutes later (practically identical with 4A). The original 
charts on which this article is based were lost in transit. Seven of them (charts 
1, 5, 6, 10, 13, 14 and 15) could not be duplicated from the original electrocardio- 
graphic tracings. Therefore they were reproduced from slides which had been 


made of the original tracings. 


aged 32, who had been having “indigestion” in the left hypochondrium 
and precordial region, but who did not have an attack of pain after 
exercise. This patient showed a reduction of the T wave in lead II 
immediately after running up four flights of stairs, and the T wave 
in lead III, previously 0.5 mm. high, became slightly diphasic. In 
none of our control subjects did exercise produce a deepening of an 


11. Messerle, N.: Die Veranderungen im Elektrokardiogramm bei Korperar- 
beit, Ztschr. f. d. ges. exper. Med. 60:490, 1928. 


Chart 2—Effects of exercise on a patient with marked hypertension, (220 
systolic and 130 diastolic), considerable enlargement of the heart, and T wave 
changes. A represents the control tracing; B, after walking up three flights of 
stairs; Ti did not change, T: and T; both became definitely upright, and C, that 
taken five minutes later (similar to 4). 


Chart 3.—Effects of exercise on a student, aged 18, with no cardiovascular 
symptoms, no abnormalities in the cardiovascular examination, except this strikin 


4 

5 

-ctrocardiogram, and no known etiology of any cardiovascular disease. A rep- 
resents the control tracing; B, after running up four flights of stairs; the T waves 


not show any striking change, and C, five minutes later (identical wit! 


— 
- + 7 
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A 


344 ARCHIVES OF INTERNAL MEDICINE 


inverted T wave, a definite inversion of a flat T wave or a deviation 
of the S-T interval from the iso-electric line. 

With these observations as a background for comparison, we 
reexamined our angina pectoris tracings. It was found that fifteen of 
them showed no changes other than those that had been seen in our 
control group. However, the remaining fifteen showed definite, tem- 
porary alterations in the ventricular complexes during the pain, unlike 
any seen in the control series '* (charts 5, 6, 7, 8, 9, 10, 11 and 12, 
cases 1 to 15). 


Chart 4.—Effects of exercise on a man, aged 43, with no demonstrable cardio- 
vascular abnormalities. .4 represents the control tracing; B, tracing taken after 
running up eight flights of stairs; patient quite exhausted; T: reduced in size, 
parallel to the reduction in R,; other T waves increased in size, and C, tracing 
made five minutes later. 


Further analysis of our tracings, arbitrarily dividing the attacks into 
mild and severe ones, showed that of the fourteen patients with severe 


12. Judged on this basis, Bousfield’s case, Levy’s four cases, and one of Feil 
and Siegel's cases can be ccnsidered to show definite specific changes. Two more 
of Feil and Siegel's cases showed less definite specific changes, but can probably 
be included in this group. 


4 


Chart 5.—Tracing of patient no. 2 (case 2): A, control tracing; B, during 
attack; T2 became inverted; C, five minutes after disappearance of the pain; 
identical with A. 


| 
Chart 6.—Tracing of patient no. 3 (case 3): A, before attack; B, during 
attack; no tracing was taken after the pain had subsided. During the pain, T; 
became deeply inverted; Tz: became markedly reduced in height. 


Chart 7.—Tracing for patient in case 4. A is the control tracing; B, one 
taken during an attack caused by walking up three flights of stairs; C, tracing 
taken five minutes later, and D, tracing taken four weeks later during an attack 
caused by walking up four flights of stairs. During the pain T: became diphasic 
and Ts more deeply inverted; T: also showed minor changes, especially in D. 


| 


Chart 8.—Tracing of patient no. 6 (case 6). A is the control tracing; B, 
tracing made during attack of pain; S-T interval depressed in lead II, Ts; sharply 
inverted, and C, tracing made immediately after the disappearance of pain. T, 
and Tz were both quite deeply inverted. D, the tracing made two minutes later, 
was similar to 4. The changes were somewhat more noticeable immediately after 
the pain subsided, although they were present during the pain. 


Chart 9.—Tracing of patient no. 9 (case 9). A is the control tracing; B, 
that taken during pain; the “specific” change in this tracing is the peculiar contour 
of T; during the attack; C, taken four minutes after the pain had disappeared. 


Chart 10.—Tracing of patient in case 12: 4, control tracing; B, tracing made 
during pain; T: became inverted and Tz became more deeply inverted than it had 
been; the Ts changes are marked, but are in the “normal” direction; C, tracing 
made four minutes after pain had disappeared. 
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Chart 12—Tracing of patient in case 15: 
B, that taken four minutes after the subsidence of pain; 


Chart 11—Tracing of patient in case 14: 
S-T interval in lead I was definitely depressed ; 


II and IIT took on an abnormal contour during the pain; 


this case is less marked than in the other case 


disappeared, 
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attacks, seven showed specific change and seven did not. Of the sixteen 
patients with mild attacks, eight showed specific change and eight did 
not. The severity of the pain, therefore, did not appear to bear a 
definite relation to the presence or absence of electrocardiographic 
changes in different persons. 

In the same subject, the electrocardiographic phenomena accompany- 
ing each of several attacks were the same in character, whether the 
attack was spontaneous or induced. However, they varied somewhat 
in degree. The more severe and prolonged the attack, the more pro- 
nounced were the electrocardiographic changes.* 

For obvious reasons, attacks were not generally induced in patients 
with the severest types of angina, nor in those with electrocardiographic 
evidence of marked myocardial disease. This type of patient might be 
expected to show the most pronounced electrocardiographic change 
during the attack.'* 

In most of our cases the alterations in the ventricular complexes 
were most pronounced when the paroxysm was at its height, and dis- 


appeared within a minute or two after the pain subsided. In three 
cases (cases 6, 7 and 13, chart 8), the most pronounced changes 


appeared shortly after the pain had ceased. 

Therefore. it appeared that in 50 per cent of our cases, the pain of 
the anginal attack was associated with and generally paralleled by, < 
change in the ventricular complex of the electrocardiogram that could 
not be explained by the exercise which produced the attack nor by the 
changes in blood pressure and pulse rate which accompanied it. It 
seems reasonable to suspect, though it can certainly not be considered 
proved, that some specific intrinsic change takes place in the heart itself 
during the paroxysm which causes this change in the electrocardiogram. 


EXPERIMENTS ON ANIMALS 


The following group of observations deals with the possible nature 
of the cardiac change, the presence of which is suggested by the electro- 
cardiographic study of attacks of angina pectoris. The question that 
we have attempted to answer is: Can the electrocardiographic and 
other phenomena of an anginal attack be explained on the basis of a 
temporary interference with the blood supply to a part of the heart 
muscle (i. e., by the coronary hypothesis ) ? 

The Electrocardiographic Phenomena—We know from the work 
of F. M. Smith and others '° that ligation of a coronary artery in an 


13. Bousfield (footnote 8, first reference). 

14. Smith, F. M.: The Ligation of Coronary Arteries with Electrocardio- 
graphic Studies, Arch. Int. Med. 22:8 (July) 1918. 

15. Kahn, R. H.: Elektrokardiogrammstudien, Pfltiger’s Arch. f. d. ges. 
Physiol. 140:627 (June) 1911. 
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experimental animal will produce a permanent change in the electro- 
cardiogram. Similarly, in man a coronary occlusion may give rise to 
well recognized alterations in the ventricular complex.'® Otto ** recently 
published a brief report of the effect of temporary coronary occlusion 
on the electrocardiogram in animals. However, to our knowledge, no 
one has as yet performed a satisfactorily critical set of experiments to 
enable one to answer the following questions : 

(a) Will temporary interruption of a part of the coronary circulation 
in the experimental animal produce temporary and rapidly reversible 
electrocardiographic changes analogous to those seen in our angina 
pectoris tracings ? 

(b) Will the heart recover and the electrocardiogram return to its 
previous state after the heart has suffered a disturbance of a part of 
its blood supply of sufficient magnitude and duration to produce electro- 
cardiographic changes ? 

In order to answer these questions, we studied the effects of tem- 
porary coronary obstruction in a series of eight dogs and six cats. 


TECHNIC 


The chest was opened in the midline anteriorly, under iso-amyl-ethyl barbituric 
acid anesthesia and artificial respiration. The pericardium was opened and sutured 
loosely to the sides of the chest in order to make a hammock for the heart, which 
prevented any change in its position. Care was taken not to interfere with the 
tlow of blood to or from the heart. Electrocardiographic electrodes were fastened 
to the two fore limbs and the left hind limb. In some of the experiments the 
carotid was cannulated for a blood pressure record. Electrocardiograms in three 
leads were taken before, during, and after temporary occlusion of the various 
coronary vessels. At times a continuous record was taken in lead II throughout 
the whole procedure. 

The technic of occluding the vessels was varied. Usually it consisted in 
placing a bulldog clamp on the undissected artery and periarterial structures, 
sometimes including the accompanying vein. Frequently the various arteries 
were dissected free from surrounding structures and occluded by means of 
clamps or ligatures. When a ligature was used, a small glass rod was included 
in the knot to facilitate its release. 


The results of clamping a large coronary artery become apparent in 
fifteen seconds. The cardiac contraction changes character in a 
manner that defies description, and a definite cyanosis of the myo- 
cardium appears strictly limited to the area supplied by the occluded 
vessel. This cyanosis is not dependent on venous obstruction. After 
a minute or two, the involved ventricle begins to dilate, and if the clamp 
16. Levine, S. A.: Coronary Thrombosis: Its Various Clinical Features, 
Medicine 8:245 (Sept.) 1529. 

17. Otto, H. L.: The Effect of Obstruction of the Coronary Arteries upon 
the T-Wave of the Electrocardiogram, Am. Heart J. 4:347 (Feb.) 1929 
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is not soon removed, the ventricles may begin to fibrillate. However, 
if the clamp is removed before fibrillation commences, the heart may 
recover its original appearance, provided the vessel has not become 
permanently occluded. The time necessary for recovery is proportional 
to the duration of the occlusion. It also varies with the original state 
of the heart, i. e., whether it is fresh or whether it has been used in 
previous similar experiments. 

The electrocardiographic phenomena produced by interruption of 
certain parts of the coronary circulation are striking. The types of 
ventricular complex alterations observed and the time intervals involved 
in their appearance and disappearance are illustrated in the charts 13 
to 16. Certain factors seem to be important in the production of these 
electrocardiographic changes: (a) The vessel which is occluded. In 
general, more striking changes followed the clamping of the vessels on 
the posterior surface of the heart, 1. ¢., the circumflex branch of the 


the tracing taken one minute after clamping the posterior descending coronary 
artery, with its accompanying vein: T: and Ts became more deeply inverted; the 
clamp was removed immediately after B was taken: C, one minute after the 


removal of the clamp, identical with 4. 


left and the posterior descending coronary arteries. Usually little or 
no change was produced by obstruction of the right or of the anterior 
descending branch of the left coronary artery. (b) The size of the 
area of the myocardium the blood supply of which is interrupted. More 
marked changes followed the simultaneous obstruction of both main 
branches of the left coronary artery (the anterior descending and the 
circumflex) than followed the obstruction of either one separately. 
(c) The simultaneous obstruction of accompanying veins. This factor 
has not been accurately evaluated in our experiments. It may be of 
considerable importance. Nevertheless, when the arteries were dissecte« 
out and occluded without venous obstruction. definite and_ striking 
changes were observed (chart 16). (d) The state of the heart before 


the occlusion. Coronary occlusion in a healthy fresh heart does not 


j 
Chart 13.—Tracing of a dog: 4, the control tracing, definitely abnormal; 2, 
i 
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produce electrocardiographic changes as readily as it does in a damaged 
one. In our experiments, the same heart was used repeatedly for succes- 
sive coronary clampings, with suitable periods intervening for recovery. 
Rapidly reversible alterations in the ventricular complexes were much 
more readily obtained after myocardial damage, incident to previous 
manipulation, had produced a certain amount of permanent electro- 
cardiographic change (charts 13 to 16). Our results toward the end 
of a period of experimentation on an animal were much more striking 
than our earlier ones. Bousfield’s case ** showed that the most striking 
electrocardiographic changes possibly occur in man during attacks of 
angina pectoris when there is similar evidence of severe myocardial 
disease in the control tracing. (e¢) The duration of the occlusion. The 
longer the clamp was left in place, the more pronounced were the 
changes in the ventricular complexes (chart 15). 


Chart 14.—Tracing of a dog: 4, control tracing, definitely abnormal; B, the 
tracing taken one minute after clamping of the posterior descending coronary 
artery, with its accompanying vein; increased inversion of all T waves; the clamp 
was removed immediately after B was taken; C, one minute after the removal of | 
the clamp; D, one minute after C, identical with J. 


More striking electrocardiographic phenomena resulted from coron- 
ary occlusion in dogs than in cats. Change in position of the heart 
was not a factor in these electrocardiographic changes. Dilatation of 
the heart was probably not responsible for them, since it often occurred 
without producing any marked alteration in the tracing. 

It appears that: (a) Temporary interference with the blood supply 
of a part of the heart muscle may produce temporary and rapidly rever- 
sible electrocardiographic changes analogous to those seen in our angina 
pectoris tracings. (b) These changes may appear and disappear within 
two minutes, a period of time comparable to that involved in an anginal 
attack. (c) The heart may recover and the electrocardiogram return 
to its previous state after the myocardium has suffered an ischemia of 
sufficient magnitude and duration to produce electrocardiographic 
changes. 


A 
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(a) Arrhythmia.—One of Sir Clitford Allbutt’s reasons * for dis- 
carding the coronary hypothesis and ascribing angina pectoris to an 
extracardiac cause was his belief that myocardial ischemia must of 
necessity produce arrhythmias (extrasystoles and ectopic rhythms aris- 
ing from the ischemic area), which are notoriously missing from the 
clinical picture of angina pectoris. Our studies tend to invalidate this 
feature of Allbutt’s hypothesis. In our experiments extrasystoles did 
not usually occur until late, just before the ventricles began to fibril- 
late.'* Our observations are also in line with the clinical fact that when 
irregularities of the heart do occur during an anginal attack, they appear 
near the end of a prolonged paroxysm, and their appearance is of 


ominous prognostic significance. 
(b) Blood Pressure—lIn all of our patients with angina pectoris 
except two (cases 14 and 22), there was a moderate rise of blood 


Chart 15.—Tracing of a dog: A, control tracing, abnormality of S-T interval; 
B, the tracing taken fifteen seconds after clamping the posterior descending 
coronary artery, with the accompanying vein; moderate change in ventricular 
complexes; C, one minute after B; clamp still in place; tracing shows typical R-T 
fusion of myocardial infarction; the clamp was then immediately removed; D, 
tracing taken three minutes after the removal of clamp: there was considerable 
return toward contour of normal tracing; E, tracing taken seven minutes after 
D, identical with 4. 


pressure during the paroxysm. In our animal experiments an invariable 
immediate drop of blood pressure, varying in degree with the size of the 
vessel, was obtained whenever a large coronary artery was occluded. 
The objection raised against the coronary hypothesis by these observa- 

18. Extrasystoles, which appeared occasionally at the time of application of the 
clamp, were attributed to incidental mechanical stimulation of the myocardium 
since a reduction of this mechanical stimulation to a minimum tended to prevent 
their appearance. We believe that a similar mechanism can account for extra- 
systoles, reported by other authors to have been caused by coronary occlusion 
Sutton and King: Proc. Soc. Exper. Biol. & Med. 25:842, 1928. Pearcy: Priest, 
and Van Allen: Am. Heart J. 4:390, 1929. 
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tions is not insurmountable. The blood pressure phenomena appearing 
during an experiment on an anesthetized animal cannot be expected to 
be reproduced exactly in a conscious man. The pressor reflexes set 
up by the pain of an anginal attack seem adequate to counteract a 
moderate fall of blood pressure due to a temporary myocardial ischemia. 
This belief is supported by the case reported by Fitz,’® the only one 
which has come to our attention in which a patient has been observed 
during and immediately after a coronary occlusion. The clinical and 
electrocardiographic features make it relatively certain that a coronary 
occlusion did take place ; nevertheless, the coronary accident was accom- 
panied by a rise of blood pressure. The possibility presents itself that 
coronary occlusion produces an immediate rise of blood pressure in 
many cases, giving place to a subsequent fall at the time when these 
cases are usually seen by physicians. This explains the current belief 


Chart 16.—Tracing of a dog. A is the control tracing, showing considerable 
abnormality; B, that taken a half minute after clamping of both branches of the 
left coronary artery (anterior descending and circumflex); this tracing shows 
R-T fusion typical of myocardial infarction. In this instance the arteries had been 
dissected free, and there was no venous obstruction; the clamps were removed at 
once; C, the tracing taken one minute after the removal of clamp; the tracing 
shows considerable recovery; D, that taken two minutes after C, and identical 


with A. 


that coronary occlusion and a drop in blood pressure are- inseparable 
phenomena. 

c) Pain.—References to the work of Singer, Sutton and King 
and of Pearcy, Priest and Van Allen * make it more than probable that 
there are nerves in the adventitia of the coronary arteries that can 
produce pain when suitably stimulated. We do not wish to speculate 
too far on the mechanism of pain production in angina pectoris, but it 
seems possible that a sudden change in the chemical nature of the blood 
bathing these nerves might be a sufficient stimulus to give rise to pain. 


19. Fitz, Reginald: A Case of Angina Pectoris with Cardiac Infarct Induced 
by the Intravenous Injection of Sodium Tetra-Iodophenolphthalein, and Followed 
Relief of Anginal Symptoms, Tr. A. Am. Phys. 43:292, 1928. 
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Moreover, a chronic anoxemia of these nerves, such as would be present 
in congestive failure, might decrease their irritability sufficiently to 
explain the well known dictum: “When heart failure supervenes, 
angina pectoris disappears.” Mackenzie’s explanation *® that heart 
failure stops the patient before he can exert himself sufficiently to 
produce an attack of angina has not seemed to explain some of our 
observations.’ Another possible explanation of the relief of angina 
by congestive failure is suggested by the recent work of Bellet and 
Batson *! concerning the reversal of blood flow in the coronary veins 
under certain conditions. 

A few other noteworthy facts presented themselves during the 
course of our work. 

1. Sometimes the experimental occlusion of a large coronary artery, 
with the consequent production of a definite change in the appearance 
and action of the heart, caused no change in the electrocardiogram. 
This has a definite bearing on those fifteen patients whose tracings 
showed no specific change during attacks of angina pectoris. It shows 
that the absence of electrocardiographic change during an attack of 
angina pectoris cannot be used as evidence that temporary myocardial 


ischemia did not occur. Therefore, although some mechanism other 
than the coronary one might be operating to produce the paroxysm in a 
case showing no specific ventricular complex change during a severe 
attack, it is possible for such a case to be due to myocardial ischemia. 


2. Levine, Ernstene and Jacobson ** recently published an interesting 
group of electrocardiograms taken during attacks of precordial pain 
which were produced in patients with angina pectoris by injections of 
epinephrine. All the electrocardiograms reported in their paper show 
changes in the “normal” direction (i. e., the type seen in controls), 
differing from their controls in degree but not in direction of change. 
We have seen such changes (case 24) in several patients during attacks 
induced by exertion, but in our analysis we have not considered an) 
changes “‘specific,” although they may well have been, unless the altera- 
tions were in the opposite direction, or of an entirely different nature. 
from those seen in our control series. It may be that the epinephrine 
dilates the coronary vessels and thereby masks the true nature of the 
electrocardiographic changes due to angina pectoris in itself. 

3. The electrocardiographic phenomena caused by inhalations ot 
amyl nitrite are so diverse as to defy analysis at present. Nothing can 


20. Mackenzie, Sir James: Angina Pectoris, Frowde, London, 1923. 

21. Bellet, Samuel, and Batson, Oscar V.: Personal communication. Unput 
lished experiments. 

22. Levine, S. A.; Ernstene, A. C., and Jacobson, B. M.: The Use of Epi- 
nephrine as a Diagnostic Test for Angina Pectoris, Arch. Int. Med. 45:191 (Feb. 
1930. 
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be said except that amyl nitrite can cause profound changes in the 
electrocardiogram. The blood pressure, which is frequently profoundly 
depressed within fifteen seconds after inhalation of amyl nitrite usually 
rebounds to a level of from 10 to 20 mm. above its original one from 
tifteen to thirty seconds after the inhalation has been stopped. It seems 
unlikely therefore that relief from anginal pain by nitrites depends on 
the drop of pressure which they produce.** F. M. Smith’s experi- 
ments ** showing that nitrites will cause a visible reduction in the size 
of an ischemic area in the heart suggest a more satisfactory explanation. 
It is noteworthy in this connection that the two cases in our series in 
which there was a fall of blood pressure during the attack gave a history’ 
of definite relief by nitrites.*° In one of them (case 22) inhalation of 
amyl nitrite was accompanied by a rise of blood pressure coincident 
with relief from pain. 

4. The mechanism of death in angina pectoris has long been a 
matter of dispute. Allbutt * explained it as a vagal arrest of the heart. 
Wenckebach ® varied this explanation somewhat. Supporters of the 
coronary hypothesis attribute anginal death to ventricular fibrillation due 
to myocardial ischemia. In this connection, a case of Sir William 
Osler’s ® has always interested us. This patient presumably died in an 
attack of angina pectoris, whereupon Osler inserted a needle through 
the chest wall into the heart and observed a slow regular impulse trans- 
mitted to it, not like that which might have been expected to arise from 
a fibrillating heart. No heart sounds were heard at the time. During 
our animal experimentation we frequently observed, as did Hooker,” 
that when the ventricles were fibrillating the auricles continued to beat 
rhythmically. It seems quite possible that the rhythmic impulse Osler 
observed was auricular in origin, and that this observation can be fitted 


into the coronary hypothesis. 

5. It has long been known that there are, in general, two types of 
angina with regard to the relation of exertion to the production of the 
attack. These two types more or less shade off into one another, and 
there is no definite line of demarcation between them. However, at the 
two extremes there is, first, the type that is quite regularly produced 
by a certain amount of increase in cardiac activity (exertion, excitement, 


etc.), and that subsides quite rapidly when this over-activity of the heart 


23. Brunton, L.: The Therapeutics of the Circulation, Philadelphia, P. Blakis- 

*s Son & Company, 1908 

24. Smith, F. M.: The Action of Nitrites on the Coronary Circulation, Arch 
Int. Med. 28:836 (Dec.) 1921. 

25. One of these cases showed no electrocardiographic change during the attack 

ise 22) 


; one showed specific change (case 14). 
26. Hooker, D. R On the Recovery of the Heart in Electric Shock, An 
Physiol. 91:305 (Dec. 1) 1929 
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ceases (i. e. at rest). Second, there is the type in which the attacks are 
paroxysmal, spaced far apart as a rule, and are not related to exertion 
but seem to come like a thunderbolt out of a clear sky. This type 
usually lasts longer, is severe, and is not so definitely and immediately 
relieved by rest. All of our cases except one belonged to the first group. 
The case in the second group (case 15) showed a slight but definite 
change in the electrocardiogram during the attack, (chart 12). Nitrites 
relieved this patient’s paroxysms; on a regimen of restricted activity 
and vasodilator medication he obtained complete freedom from attacks. 
More cases of this type should be studied before deductions can be 
made as to the etiologic mechanism involved. The case is specifically 
referred to at this time because electrocardiograms are not usually 
obtained in this type of patient during the attack. 

6. The use of our electrocardiographic procedure to diagnose angina 
pectoris is not recommended. Although there were no untoward 
occurrences in our series of cases, it is admittedly dangerous to induce 
anginal attacks indiscriminately. Moreover, 50 per cent of cases give 
no diagnostic electrocardiographic phenomena, and the significance of 
changes that may appear in the ventricular complex is still open to ques- 
tion. In a doubtful case, with a relatively healthy cardiovascular appa- 
ratus, an attempt to induce an attack by moderate exercise may be per- 
missible and may yield important information, but the clinical 
observations are more likely to be significant from a diagnostic stand- 
point than the electrocardiographic phenomena. 

7. We have attempted to determine whether any prognostic signiii- 
cance can be attached to the presence or absence of changes in the 
electrocardiogram during the attack of angina pectoris. There are so 
many other factors involved in the prognosis * that any attempt to pre- 
dict the outlook of a patient by such a procedure alone would be ludic- 
rous. However, it is noteworthy that in this series all of the five patients 
who died showed specific electrocardiographic changes during their 
attacks. A more prolonged observation of this group of patients is 
necessary before any significance can be attached to these observations. 


SUMMARY 

Thirty cases of angina pectoris were studied electrocardiographically 
before, during and after their attacks. Fifteen .showed temporary 
ventricular complex changes during the pain, which probably cannot be 
explained by the exercise which produced the attacks nor by the changes 
in blood pressure and pulse rate which accompanied them. 

The remaining fifteen showed no “specific’’ electrocardiographic 
changes during their attacks. 
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The severity of the pain did not seem to be the main factor that 
determined the presence or absence of “specific’’ electrocardiographic 
change during an attack. 

The relief of anginal pain by nitrites does not always seem to be 
dependent on the drop of blood pressure which this group of drugs 
pre duces. 

Although there were no untoward occurrences in our series of cases, 
we are not prepared at present to recommend the electrocardiographic 
procedure herein described as a diagnostic test in angina pectoris. 

The prognostic importance of “specific” electrocardiographic changes 
during attacks has not as yet been determined. 

In a series of dogs and cats, temporary interference with a part of 
the coronary circulation produced temporary and rapidly reversible 
changes in the electrocardiogram somewhat analogous to those seen 
during attacks of angina pectoris. 

The factors that seemed to be important in the production of these 
changes were: (a) the vessel that was occluded; (b) the size of the 
area of the myocardium the blood supply of which was interrupted ; 
(c) the state of the heart before the vascular occlusion; (d) the dura- 
tion of the occlusion and (¢) possibly the simultaneous obstruction of 
accompanying veins. 

Experimental temporary coronary occlusion frequently produced 
no electrocardiographic change. Therefore the absence of “specific” 
clectrocardiographic change in fifteen patients during attacks of angina 
pectoris cannot be used as evidence that temporary myocardial ischemia 
did not occur. 

In experimental coronary occlusion, cardiac arrhythmia, which could 
be attributed to the circulatory disturbance in itself, was not a frequent 
early phenomenon. When it did occur, it seemed to be attributable to 
mechanical stimulation of the heart muscle by the mechanism producing 
the occlusion. 

The evidence presented is in accord with the hypothesis that the 
majority of attacks of angina pectoris are associated with a localized 
circulatory disturbance in the heart. It does not rule out the possibility 
that other mechanisms may produce paroxysms of precordial or sub- 
sternal pain. 

CASES SHOWING SEVERE ATTACKS WITH “SPECIFIC” ELECTRO- 
CARDIOGRAPHIC CHANGE 


Case 1.—Sw. Fr., a man, aged 67, gave a history of onset of anginal attacks 

February, 1926. The paroxysms were caused by exertion and relieved by 
nitrites. The blood pressure was 180 systolic and 80 diastolic. The pulse rate 
was 8). There was enlargement of the heart to the left; systolic murmurs were 
audible at the apex and base. The Wassermann reaction o 
tive. The patient died on Nov. 16, 1928. 


f the blood was nega- 
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On April 16, 1928, a typical attack of ten minutes’ duration was produced by 
the ascent of two flights of stairs. The pain was severe; it was located beneath 
the upper part of the sternum, radiating to the left scapula and down both arms 
to the elbows. The electrocardiogram taken before the attack showed left axis 
deviation, T: and Tz inverted, Ts flat. During the attack, T: became more 
deeply inverted, T: became upright and T: markedly upright. The T: change was 
the only definitely “specific” one. No tracing was taken after the attack had 


subsided. 

Case 2—F. V. C., a man, aged 67, gave a history of anginal attacks that 
began in November, 1928. The paroxysms were caused by exertion and relieved 
by nitrites. The blood pressure was 120 systolic and 60 diastolic. The heart 
was slightly enlarged to the left; there was a soft systolic murmur at the apex. 
In March, 1930, when the patient was last heard from, he was considerably worse. 

On Sept. 10, 1929, a typical attack of four minutes’ duration was produced 
by slowly and carefully stooping to the floor ten times. The pain was severe, 
located at the apex, with no radiation. Chart 5 shows the electrocardiographic 
tracings in this case. 

Case 3.—C. E., a man, aged 65, had his first attack of angina pectoris ten 
days before his visit to our laboratory. The paroxysms were usually caused by 
exertion. Nitrites were not given. Three days after consulting us, he died in 
an attack. 

On Dec. 1, 1928, while the patient was at rest in the electrocardiographic 
room, shortly after the first tracing had been taken, an attack occurred spontane- 
ously. The pain was severe, lasting fifteen minutes. It was located beneath the 
upper third of the sternum; there was no radiation. Chart 6 shows the electro- 
cardiographic tracings in this case. 


Case 4.—S. S., a woman, aged 40, had been suffering from attacks of angina 
pectoris for a year. Her pain was caused by exertion and relieved by nitroglycerin. 
(The inhalation of amyl nitrite produced a preliminary exaggeration of the pain 
of an attack, but relieved it subsequently.) The blood pressure was 105 systolic 
and 70 diastolic. The heart was not enlarged. There were no murmurs. The 
Wassermann reaction of the blood was negative. When the patient was last seen 
on April 22, 1930, her condition was unchanged. 

On April 15, 1929, an attack of angina pectoris of ten minutes’ duration was 
produced by the ascent of three flights of stairs. The pain was severe. It began 
in the second left interspace 6 cm. from the sternum, and radiated to the upper 
third of the sternum, to the third dorsal spine and down the left arm to the wrist. 
Chart 7 shows the electrocardiographic tracings in this case. (The patient was 
studied in a similar attack a month later.) 


Case 5—M. G., a woman, aged 55, 
pectoris since January, 1929. Her paroxysms were usually caused by exertion 
and relieved by nitrites. The blood pressure was 130 systolic and 40 diastolic. 
The pulse rate was 80. There was considerable enlargement of the heart to the 
left, with signs of marked aortic insufficiency. The Wassermann reaction of the 


had suffered from attacks of angina 


blood was strongly positive. The patient died in October, 1929. 
On July 7, 1929, the patient experienced a spontaneous attack of angina pectoris 
of ten minutes’ duration while she was at rest in the electrocardiographic labora- 


tory. The pain was severe, and accompanied by some dyspnea: it was located in 
the second and third left interspaces, and beneath the upper third of the sternum 
During the attack the blood pressure rose to 160 systolic and 65 diastolic. When 


| 
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the patient was free from pain, the electrocardiogram showed T,, 2 mm.; T:, 0.5 
mm.; T:, —2 mm.; it was normal in other respects. During the pain the S-T 
interval in lead I became slightly depressed, T: became flat, and the S-T interval 
in lead III became convexly curved upward. The same phenomena appeared 
during an attack which was induced at a subsequent date. 

Case 6.—E. A., a man, aged 38, first began to have attacks of angina pectoris 
three years previously. The paroxysms were caused by exertion. The adminis- 
tration of nitrites gave no relief. The blood pressure was 110 systolic and 70 
diastolic. There was slight cardiac enlargement to the left; the aorta was slightly 
dilated and increased in density. No murmurs were audible. The Wassermann 
reaction of the blood was negative. 

On March 14, 1930, a typical attack of angina pectoris was produced by step- 
ping up ona chair fifty times. The pain was severe, lasting for four minutes; it 
was located in the xyphoid region, and did not radiate. During the attack the 
blood pressure rose to 188 systolic and 90 diastolic. Chart 8 shows the electrocar- 
diographic tracings in this case. 

Case 7.—R. S., a woman, aged 59, began to have attacks of angina pectoris two 
ears previously. The pain was produced by exertion. Nitrites gave no relief. 
Che blood pressure was 170 systolic and 90 diastolic. There was moderate enlarge- 
ment of the heart in the region of the left ventricle. There were no murmurs, but 
the second sound at the aortic area was accentuated. The Wassermann reaction 

he blood was negative. 

On April 1, 1930, a typical anginal paroxysm of four minutes’ duration was 
produced by walking slowly up six flights of stairs. The pain was severe; it was 

in the second and third left interspaces, with no radiation. During the 
t pain the blood pressure rose to 208 systolic and 90 diastolic. The electro- 


efore the attack showed a tendency toward left axis deviation; 


mm. During the attack T: reduced in height to 
remained —1.5 mm. The S-T interval became 


mm.; T:, 0.5 mm.; Ts, - 
5 mm.; T: became diphasic, —T 
depressed i | three leads, particularly in lead II. In this case the most marked 


SHOWING MODERATE AND MILD ATTACKS WITH “SPECIFIC” 
ELECTROCARDIOGRAPHIC CHANGE 
T., a man, aged 55, suffered from attacks of angina pectoris which 
od The blood pressure was 175 
systolic an The heart showed moderate enlargement in the region 
of the left ventricle. The patient died Nov. 18, 1929. 
On Jan. 10, 1929, a moderately severe paroxysm of pain of four minutes’ dura- 
n was produced by mild exercise. The pain was located beneath the upper third 
sternum. The electrocardiogram taken before the attack showed T;, flat; T:, 
.—2 mm. During the paroxysm T; became —2 mm., T: remained 
he S-T interval depressed, and T: became 1 mm. 
man, aged 43, suffered from attacks of angina pectoris pro 
blood pressure was 130 systolic and 80 diastolic. There 


nlargement. The outcome in this case is unknown. 
ug. 9, 1929, an attack of angina pectoris was produced by running up five 
of stairs. The pain, of moderate intensity, was located beneath the upper 
3 ppe 
i the sternum, and did not radiate. Chart 9 shows the electrocardiographic 


in this case. 


‘specific’ change appeared thirty seconds after the pain had subsided. 

third 
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\ B. H., a man, aged 42, suffered from attacks of effort angina. The 
administration of nitrites gave only slight relief. The blood pressure was 130 
systolic and 8&5 diastolic. There was no cardiac enlargement; the aortic arch was 
slightly widened; there were no murmurs. When last heard from, on March 15, 
1930, the patient was much worse, his attacks were more easily provoked and mor 
severe 

On Oct. 21, 1929, an attack of angina pectoris of two minutes’ duration was 
induced by stepping up on a chair thirty times. The pain was located in the 
xyphoid region and was relatively mild in intensity. The electrocardiogram taker 
before the attack showed 7T,, 1.5 mm.; T:, 2 mm.; Ts, flat. During the attack, the 
S-T interval in leads I and II showed a depression of 1.5 mm. below the iso-electric 
line. 


Case 11.—C. A., a man, aged 48, gave a history of the onset of attacks of 
angina pectoris one month before consulting us. The paroxysms were produced 
by exertion, and considerably alleviated by nitrites. The blood pressure was vari- 
able; on one occasion it was recorded as 135 systolic and 70 diastolic; on another, 
200 systolic and 180 diastolic. The heart was slightly enlarged to the left. The 
patient died in November, 1929. 

On Nov. 19, 1928, the patient was studied in two attacks. The first arose 
spontaneously, the second was induced by stepping up on a chair twelve times. In 
both attacks the pain was mild; it was located to the left of the sternum, in a 
band extending from the second to the fifth interspaces, with slight radiation t 
the left arm. During the pain the blood pressure was 175 systolic and 11") 
diastolic; after the attack had subsided it was recorded as 150 systolic and 1( 
diastolic. The electrocardiographic tracings taken when the patient was free fron 
pain showed a left axis deviation: T;, 2 mm.; T., 2 mm.; Ts, 1.5 mm. The S-1 
nterval in lead 


5 
interval in lead II was depressed 1 mm. During the pain the S-T 


i 
I became slightly depressed; in lead II it was depressed 2 mm.; T: became slightly 
diphasic, and T; became 3 mm. 


Cast 12—S. Fr., a man, aged 38, had been suffering with mild attacks o1 
angina pectoris for one month. The pain was produced by exertion; nitrites wert 
not used. The blood pressure was 110 systolic and 64 diastolic. The heart showed 
moderate generalized enlargement. There were no murmurs. The Wassermann 
reaction of the blood was negative. When the patient was last heard from on 
April 1, 1930, the attacks had disappeared, but he had restricted his activity 
considerably. 

On April 10, 1929, an attack of moderate intensity was produced by the rapid 
ascent of ten flights of stairs. The pain was located at the cardiac apex and in 
the epigastrium. During the attack the blood pressure rose to 140 systolic and 80 
diastolic. Chart 10 shows the electrocardiographic tracings in this case. 

Case 13.—W. D. R., a man, aged 50, began to have attacks of angina pectoris 
three years previously. The paroxysms were produced by exertion. Nitrites 
were not used. The blood pressure was 140 systolic and 95 diastolic. There was 
no detectable cardiac enlargement, nor aortic dilatation. There were no murmurs 
the aortic second sound was accentuated, however. When the patient was last 
heard from, on Feb. 17, 1930, there had been no change in his condition. 

On Dec. 16, 1929, a brief but definite sense of substernal constriction, which 
lasted forty-five seconds, was produced by stooping to the floor forty times 
During the episode, the blood pressure was 145 systolic and 80 diastolic. The 


electrocardiogram, taken before the attack showed T:, flat: T:, flat: Ts, 0.5 mm., 


| 
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ind left axis deviation. During the attack T; became 1.5 mm. and T:, 5 mm. with 


he S.T interval depressed 1 mm., and Ts, 2 mm. In mediately after the attack 7 


nd Tz became diphasic, and T; became sharply inverted, —3 mm 

Case 14—J. A., a man, aged 54, had suffered with paroxysms of angina 
pectoris for eighteen months. They were usually produced by exertion, but 
attacks oceurred during rest. The blood pressure was 150 systolic and 


he cardiac contour and size were normal. Systolic murmurs were the 
ipex and base. The outcome of this case has not been determined 

On April 29, 1930, an attack of pain of moderate intensity and of four minutes 


luration was produced by stepping up on a chair sixteen times. The pain was 


located beneath the midsternum and did not radiate. During the paroxysm the 
blood pressure fell to 140 systolic and 100 diastolic, and continued to fall to 125 
systolic and 100 diastolic, ten minutes after the attack. Chart 11 shows the 
electrocardiographic tracings of this case. 
Case 15.—S. H 
“nine years. The attacks were not definitely related to exertion, bt 
without warning, were very severe, and lasted from twenty to forty-five 
minutes. Nitrites gave relief. The blood pressure was variable. b g recorded as 


133 systolic and 70 diastolic at one time, and 165 systolic and 105 d 


iastolic at 
nother. There was no cardiac enlargement. A systolic murmur was heard at 
he apex. When last heard from, March 20, 1930. the patient was completely free 
m attacks, living a life of moderately restricted activity. 
On May 23, 1929, while the patient was sitting quietly in bed in the ward, a 


severe attack of pain developed. It was located beneath the entire length of th 
sternum, but was most severe beneath the lower part. The duration of the attack 

is twenty minutes. During the paroxysm the blood pressure was 155 systolic 
nd $0 diastolic. After the pain subsided, it was 138 systolic and 70 


Chart 12 shows the electrocardiograms of this cas¢ 


CASES SHOWING SEVERE ATTACKS WITH NO “SPECIFIC 
ELECTROCARDIOGRAPHIC CHANGE 


Case 16.—C. B., a man, aged 47, gave a history of onset of anginal attacks 
an. 1, 1929. The pain was caused by exertion, but not relieved by nitrites. The 
lood pressure was 130 systolic and 80 diastolic. The pulse rate was 110. Ther 
as slight enlargement of the heart to the left. considerable aortic dilatat 


No murmurs were audible. The Wassermann reaction of the blood was negative 
When the patient was last heard from in March, 1930 there 


ndition. 


On April 26, 1929, the 


an attack of pain caus 
second left interspace, 5 


epigastrium and to the left shoulder anc 


nace £ nn 
ous for twenty m 


ear for an hour. Dur 


i 


paroxysm 


The electrocardi 
S 


S complexes, a ten 
-mm.; T:, 3 mm., and T:, 


).5 mm., with a cardiac rate of 140. After the attack 


~ - - 1 attant “toric 
Case 17.—E. H., a man. aged 61, suffered with attacks of angina pectoris pro- 
ed by exertion or excitement. The blood pressure in the right arm was 140 


36) 
Po patient walked into the electrocardi graphic laboratory 
i DY Waiking one square. ine Ppaln Was iocated in e 
from the sternum, and radiated to the sternum. to the 
ages 1. "Tt. ae 
a the scapula. The pain was severe and 
+ ¢has med tee sda om mtirel, 
ntin inutes ; it lessened, but did not entirely dis- 
th blood pressure was recorded as 
143 systolic and 95 diastolic gram taken during the anginal 
lency to left axis deviation: T 
there wes practically | hange the tracing os ey nn f rate to 110 
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systolic and 90 diastolic; in the left arm, 95 systolic and 70 diastolic. The pulse 
rate was 95. There was no definite cardiac enlargement, but the aorta was mark- 
edly dilated. No murmurs were heard. The results of the Wassermann test oi 
the blood were not reported to us. 

In November, 1928, the patient was studied in an attack produced by walking ur 
seven flights of stairs. The pain was severe, and lasted for eight minutes. It 
began near the left nipple, radiated to the midsternal region, down to the epigas- 
trium, out to the left shoulder and down to the middle of the forearm. The elec- 
trocardiogram taken before the attack showed a tendency to low Q-R-S complexes, 
(highest 5 mm.) ; T:, 2.5 mm.; Tz, 2 mm.; Ts, flat. During the pain, the tracing 
showed T;, 2.5 mm.; T2, 3 mm.; Ts, —0.5 mm. (This slight inversion in lead III 
was not considered marked enough to constitute a definitely “specific” change. 


Case 18.—J. F., a man, aged 50, gave a history of the onset of attacks of 
angina pectoris two months previously. The paroxysms were produced by exer- 
tion; they were not relieved by nitrites. The blood pressure was 125 systolic and 
80 diastolic. When last heard from in March, 1930, he was considerably improved. 

On July 25, 1929, a typical attack of angina pectoris was produced by walking 
up three flights of stairs. The pain was severe and lasted for five minutes; it 
was located beneath the middle third of the sternum, with no radiation. During 
the paroxysm the blood pressure rose to 160 systolic and 100 diastolic. The 
electrocardiogram taken before the attack was entirely normal; T:, 2.5 mm.; Ty, 
2.5 mm.; Ts, flat. During the pain the tracing showed: Ti, 2.5 mm.; Ts, 3 mm.; 
Ts, flat. 


Case 19.—E. C., a woman, aged 53, had suffered with attacks of angina 
pectoris for two years. They were produced by exertion, and relieved by nitrites. 
The blood pressure was 200 systolic and 80 diastolic. There was moderate 
enlargement of the heart in the region of the left ventricle; the aorta was slightly 
dilated. No murmurs were audible, but the aortic second sound was accentuated. 
The Wassermann reaction of the blood was negative. When last heard from in 
April, 1930, the patient was considerably worse. 

On Noy. 25, 1929, a typical attack of angina pectoris of five minutes’ duration 
was produced by walking up two flights of stairs. There was severe pain near 
the apex of the heart, radiating upward, and to the midsternal region. The elec- 
trocardiogram taken before the attack showed marked slurring of the Q-R-S com- 
plexes, with a duration of 0.11 seconds; T;, 0.5 mm.; T2, 1.5 mm.; Ts, flat. During 
the attack, Ri diminished in height and Rs increased in height, but there was no 
change whatsoever in the T waves. Frequent ventricular extrasystoles appeared 
during the pain, and lasted for some time after the pain had subsided. 


Case 20.—W. M. B., a man, aged 40, began to have attacks of angina pectoris 
six weeks previously. The pain was produced by exercise. The blood pressure 
was 145 systolic and 90 diastolic. The heart was not enlarged. There were 
adhesions between the pericardium and diaphragm near the cardiac apex. When 
last heard from on Feb, 28, 1930, the patient was much improved. 

In January, 1930, an attack of angina pectoris was produced by four minutes 0! 
strenuous setting-up exercises. The pain was moderately severe and lasted for 
four minutes; it was located in the xyphoid region, and in the ulnar side of each 
forearm, but was more marked on the left. The blood pressure during th: 
attack was recorded as 165 systolic and 100 diastolic. The electrocardiogram taken 
before the paroxysm showed: TT, 1 mm.; Te, 1 mm.; Ts, —1 mm. During the 
pain the tracing showed: T;, 0.5 mm.; T., 1 mm.; T., 0.5 mm. 
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Case 21.—G. K., a man, aged 43, had a history of attacks of effort angina, not 
definitely influenced by the administration of nitrites. The blood pressure was 170 
systolic and 110 diastolic. There was considerable cardiac enlargement. The 
patient has not been heard from since this examination. 

On Sept. 5, 1929, an attack of angina pectoris was produced by walking up two 
flights of stairs. The pain was quite severe, being located in the region of the 
apex of the heart, and radiating across the lower part of the chest. During the 
attack the blood pressure was 190 systolic and 110 diastolic; some alternation of 
strength was noted in the various beats. The electrocardiogram taken before the 
attack showed marked left axis deviation; T:, diphasic; Tz, 1 mm.; Ts, 1.5 mm. 
During the pain the tracing showed: 1T;, slightly diphasic, with a height of 
1.5 mm.; Ts, 1.5 mm., and Ts, 1.5 mm. . 


Case 22.—J. I., a man, aged 67, gave a history of onset of attacks of angina 
pectoris on April 18, 1929. The pain was produced by exertion and relieved by 
nitrites. The blood pressure was 105 systolic and 80 diastolic. The heart was not 
enlarged; the aorta was markedly sclerotic; no murmurs were heard. On April 
15, 1930, when last heard from, the patient was improved. 

On March 10, 1930, an attack of angina pectoris was induced by walking 
around the room swinging the arms. The pain was severe, and lasted for four 
minutes. It began in the epigastrium, radiated up across the chest to both 
shoulders and down both arms to the elbows. It was more intense on the left. 
The blood pressure during the pain fell to 65 systolic and 50 diastolic; during the 
inhalation of amyl nitrite it rose to 70 systolic and 50 diastolic; later, after the 
attack had subsided, the blood pressure was recorded as 8&5 systolic and 70 
diastolic. The electrocardiogram taken before the attack showed left axis devia- 
tion: Ti, 0.5 mm.; T:, 2 mm.; Ts, 0.5 mm. During the pain it showed: T,, 


0.5 mm.; Tz, 2.5 mm.; T:, 0.5 mm. The patient was subsequently studied in 
another attack caused by walking up two flights of stairs, and in this attack the 
observations were similar to those reported above. 


‘ 


CASES SHOWING MILD ATTACKS WITH NO “SPECIFIC” ELECTRO- 
CARDIOGRAPHIC CHANGE 


Case 23.—R. C. B., a man, aged 58, began to have attacks of angina pectoris 
three months before he consulted us. They were produced by exertion and relieved 
by nitrites. The blood pressure was 145 systolic and 100 diastolic. The heart was 
not enlarged; a soft systolic murmur was heard at the apex. In March, 1930, 
when last heard from, the patient was in about the same condition as when we 
saw him. 

On July 20, 1928, a mild attack of pain, lasting for one minute, was produced 
near the left scapula by stepping up on a chair thirty times. The electrocardiogram 
taken before the attack showed: T:, —1 mm.; Te, 1.5 mm.; Ts, 3 mm. During the 
attack it showed: T;, —0.5 mm.; Tz, 2 mm.; Ts, 2.5 mm. 


Case 24.—M. Z., a man, aged 45, with a history of attacks of effort angina, was 
studied in an attack in December, 1928. The pain, caused by walking up three 
flights of stairs, was of moderate intensity and was located under the sternum. An 
electrocardiogram taken before the attack showed: T:, 4 mm.; Ts, 3 mm.; Ts, 

-2 mm. During the pain the tracing showed: T:, 2 mm.; Tz, 4 mm.; T:, 3 mm. 
(This change might almost be classed as “specific,” in view of the pronounced 
alteration resulting from relatively mild exertion, but it is not entirely different in 
character from that seen in some control tracings.) 
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Case 25.—M. N., a man, aged 69, began to have attacks of angina pectoris one 
year before we saw him. The paroxysms were caused by exertion and relieved by 
nitrites. The blood pressure was 180 systolic and 90 diastolic. The patient had a 
history of a long-standing moderate hypertension. There was slight enlargement 
of the heart in the region of the left ventricle and dilatation of the aortic arch. 
When last heard from, in March, 1930, the patient showed no change in his 
condition, 

On Sept. 9, 1929, an attack of mild pain of two minutes’ duration was induced 
by walking up one flight of stairs. The pain was located in the second left inter- 
space, and did not radiate. During the attack the blood pressure was recorded as 
200 systolic and 115 diastolic. The electrocardiogram taken before the attack 
showed: Ti, 2.5 mm.; Tz, —2.5 mm.; T;, —3 mm. During the attack, it showed: 
Ti, 2 mm.; Tz, —1.5 mm.; T;, —2.5 mm. 


Case 26.—S. W., a man, aged 49, had suffered from attacks of effort angina 
for three years. The blood pressure was 110 systolic and 65 diastolic; the heart 
was slightly enlarged to the left; there was a soft apical systolic murmur. The 
patient has not been heard from since the following study was made. 

In October, 1929, an attack of angina pectoris of three minutes’ duration was 
induced by the ascent of two flights of stairs. The pain was of moderate inten- 
sity; it was located beneath the sternum, and did not radiate. The electrocardio- 
gram taken before the attack showed left axis deviation: T;, 1 mm.; T:, 3 mm.; 
Ts, 2mm. During the attack T: was 0.5 mm.; Tz, 3.5 mm.; Ts, 3 mm. 


Case 27.—M. G., a woman, aged 56, began to have attacks of angina pectoris in 
January, 1929. The pain was produced by effort; the effect of nitrites was not 
determined. The blood pressure was 215 systolic and 115 diastolic. There was 
moderate cardiac enlargement in the region of the left ventricle; the aorta was 
dilated, and the aortic second sound accentuated. The Wassermann reaction of 
the blood was negative. When last seen, in March, 1930, the patient stated that 
she was free from attacks. 

On July 12, 1929, an attack of angina pectoris was induced by stepping up on 
a chair eight times. The pain, which was of moderate intensity, was located 
beneath the upper third of the sternum, and lasted one minute. During the 
paroxysm the blood pressure was recorded as 255 systolic and 120 diastolic. The 
electrocardiogram taken before the attack showed left axis deviation: T:, 1.5 mm.; 
T:, 2 mm.; T:, 0.5 mm. During the pain, the tracing showed: T;, 1. 
Tz, 2 mm.; Ts, 0.5 mm. 


- 


mm... 


Cast 28.—T. E. S., a man, aged 49, with a history of angina pectoris, was 
studied in an attack in November, 1928. The pain was induced by the ascent of 
one flight of stairs; it was mild, located in the upper sternal region and lasted for 
two minutes. 

An electrocardiogram taken before the pain showed: T:, 1 mm.; T2s, 2 mm.; 
Ts, 0.5 mm. During the pain, the tracing showed: T;, 1.5 mm.; T:, 2 mm.; 
T;, 0.5 mm. In March, 1929, the patient’s condition was reported unchanged. 

Case 29.—I. S., a man, aged 70, reported that the onset of his anginal attacks 
had occurred five years before he consulted us. They were produced by effort 
and relieved by nitrites. The blood pressure was 210 systolic and 100 diastolic. 
The heart was not enlarged nor the aorta dilated, despite a long-standing hyper- 
tension. In March, 1929, the patient’s condition was reported to us as much 
improved; the attacks of pain had practically ceased. 


i 
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On Nov. 28, 1929, the patient came into the electrocardic graphic laboratory 
with a spontaneous attack of moderate substernal distr: ss, which radiated to the 
left shoulder and arm, and which lasted for three minutes. The electrocardiogram 
taken when the patient was free from pain showed: T,, 1.5 mm.: T:, 25 mm 


rs, 1 mm. During the attack, T; was 1.5 mm.; T2, 2.5 mm.; T:, 1 mm 


Case 30.—F. J. L., a man, aged 43. reported that the onset of his anginal 
ittacks had occurred one month previously. They were produced by exertion or 
excitement; the effect of nitrites had not been determined. The blood pressure 
was 125 systolic and 70 diastolic. The heart was of normal size and shape. There 
were systolic murmurs at the apex and base. His condition was reported to us 
in April, 1930, as unchanged. 

On Feb. 26, 1930, an attack of angina pectoris was induced by the ascent of 
cight flights of stairs at a rapid walk. There was moderate substernal discomfort 
which lasted for one minute. The electrocardiogram taken before the attack 
showed: T;, 1.5 mm.; T:, 1 mm.; Ts, —0.5 mm. During the pain the tracing 
showed: T,, 2 mm.; T:, 3.5 mm.; Ts, 1 mm. 

(In all cases, except those in which a statement to the contrary is made, elec- 
trocardiograms were taken after the attack had subsided and were identical with 
he control tracing taken before the pain began. ) 


BASAL METABOLIC RATE OF MEDICAL STUDENTS 
AND NURSES IN TRAINING AT 
CHARLESTON, S. C.* 


ROE E. REMINGTON, Pu.D. 
AND 
F. BARTOW CULP, BS. 
CHARLESTON, S. C. 


Studies on the basal metabolic rate in tropical and subtropical cli- 
inates have been made by de Almeida,’ Sundstroem,? Hafkesbring and 
Rorgstrom,® Tilt* and others. The conclusion is rather general that 
metabolism is somewhat lower in warmer climates. Temperature is 
usually assumed to be the controlling factor, but McConnell and Yaglo- 
gou ° found that when men were placed in heated chambers, the change 
in basal metabolic rate was marked only when the increase in tempera- 
ture and humidity was sufficient to break down the regulating mechan- 
ism of the body; then metabolism increased. 

Lowered intake of protein has also been supposed to explain lower 
metabolism in the tropics, but Brooks ® showed that among college stu- 
dents dietary habits as to protein at New Orleans are not different from 
those at Cleveland or at Chapel Hill, N. C. 

Although the determination of the metabolic rate is most used clin- 
ically as an indication of the degree of activity of the thyroid, a gland 
the function of which is known to be affected by several factors other 
than climate, attempts to correlate or rule out differences in available 
iodine in the environment have not been made. 

Conditions resulting from a lack of iodine in fetal life and during 
infancy, namely, enlargement of the thyroid, myxedema and cretinism, 
zre known to bring about a lowering of the basal metabolic rate. 
According to Plummer,’ the diffuse colloid goiter is least guilty in this 


* Submitted for publication, Sept. 8, 1930. 

*From the Department of Nutrition, Medical College of the State of South 
Carolina and the Laboratory of the South Carolina Food Research Commission. 
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respect, bringing about a lowering of from 8 to 18 per cent. Neverthe- 
less, since this condition is much more common than either of the 
thers, it has been used as an index of the deficiency of iodine in the 
environment of the people in different areas. The widely quoted studies 
of Olesen * on men drafted for military service in the United States 
showed that enlarged thyroids are least common in the southeastern 
part of the country. Systematic examinations of school children have 
been made in many places where goiter is known to be endemic, and 
there are schools in some parts of the country where practically every 
child has an enlarged thyroid. Examinations usually have not been 
made in areas where goiter is not a problem, although Hayne ® reported 
the results of the examination of 17,600 school children by county 
health officers in twenty counties of South Carolina. 


TasBLe 1.—Temperature and Relative Humidity at Charleston, S. C 


Temperature Means Relative Humidity, per Cent 
Month Maximum Minimum Monthly Sa.m. 12:30 p.m. 8 p.m. 

Number of Years... 6 41 12 41 
January........ 57.9 0.2 63 
February... 59.5 52.0 7D 
March.... 65.5 57.8 79 6 75 
April.... 72.0 64.7 75 61 74 
79.6 72.8 75 63 76 
June... 85.4 70.0 65 78 
July... 87.5 at) 
\ugust.. 87.2 80.9 af) 
September. 82.9 76.7 st) 
October... .. 74.6 67.4 <0 7 
November. . 6.0 38.2 7 61 7 
December... . 50.1 1.4 sl 65 


Since it is not improbable that many persons in an area deficient in 
iodine can be affected to an extent that would not be detected on palpa- 
tion of the gland, and since practically all standards of metabolic rate 
have been developed in regions where goiter is more common than it 
is in South Carolina, the present study was undertaken in the hope that 
it might add to knowledge of this subject. From this point of view 
the results are disappointing, as they show values for both men and 
women around 10 per cent below those of the Russell Sage Institute 
or the Mayo Foundation.*® They are, however, of sufficient interest to 
he presented. 

Situated on the coast and in near proximity to the Gulf Stream. 
Charleston has a mean annual temperature of 66.1 F. and a mean rela- 


& Olesen, Robert: Pub. Health Rep. 42:3180, 1927 

9. Hayne, J. A.: Am. J. Pub. Health 19:1111, 1929. 

10. Boothby, W. M., and Sandiford, I.: Thirteenth International Physiological 
ngress, Boston, Aug. 19-24, 1929. 


= 


368 ARCHIVES OF INTERNAL MEDICINE 


tive humidity of 77 per cent. Meterological data furnished by the U. S. 
Weather Bureau are given in table 1. 

Our subjects were normal healthy young men and women. ‘The 
nurses were required to undergo a physical examination before being 
accepted for training, and minor defects were remedied as soon as prac- 
ticable after admission. The men were members of the second and 
third year classes in medicine. In all, ninety-three women and forty 


men were used. 

Our apparatus was the Roth modification of the Benedict machine 
with Collins’ kymograph. Alcohol checks on this apparatus yielded the 
following values: 98.5, 100.1, 98.9, 101.4, 99.7, with an average of 
99.72 per cent of the theoretical amount of heat evolved. We adhered 
closely to the standard procedure as to the previous preparation and 
handling of our subjects. We were able to make three determinations 
on each subject on successive days, so that the total number of separate 
determinations reported is 388. 

The data are presented in detail in tables 2 and 3 and summarized 
in table 4. 

Tilt * reported an average value of 33.4 calories per square meter 
of body surface per hour for a series of fifty-two students at the 
Florida College for Women, between the ages of 17 and 25. This cor- 
responds to a deviation of —10.6 per cent from the Aub-Du Bois stand- 
ard. Tilt expressed the opinion that this is evidence that people in the 
south have a lower metabolism than those living in the more severe 
climate of the north. Conklin,?? however, in a study of the relationship 
of the menstrual cycle to the basal metabolic rate, made daily determina- 
tions on a series of ten young women at the University of Minnesota 
for a period of a month or more each. Her work was done between 
October and March at a place with a severe winter climate, and the 
average of all her determinations showed a deviation of —10.5 per cent 
from the standard (table 5). In contrast to this result, Gustafson and 
Benedict ** found 35.9 calories per square meter of body surface per 
hour, corresponding to a deviation of —3 per cent, for a group of 
twenty students at Wellesley College. It hardly seems probable, then. 
that the low values which we obtained are climatic. 

Since it was suggested that some of these low values might be due 
to malnutrition, we compared the weight of all our subjects and those 
of Tilt with the standard tables of the Life Extension Institute. Of 
the fifty-two subjects studied by Tilt, thirty-two were underweight and 
twenty overweight for their height and age, the average deviation being 

11. Conklin, C., and McClendon, J. F.: Basal Metabolic Rate in Relation 
to Menstrual Cycle, Arch. Int. Med. 45:125 (Jan.) 1930. 

12. Gustafson, F. L., and Benedict, F. G.: Am. J. Physiol. 86:43, 1928. 
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Subject 


Age 


9 


TABLE 


Height, 


Cm 
160 


156 


146 


10 


164 


? 


Basal Metabolism of Student Nurses 


Weight, 
Kg. 


4s 


59 


Dates, 


1929-1930 


October 


October 


October 


October 


October 


October 


October 


October 


October 2 


October 2 

October 2 
October 2 
October 2 
October 2 


October 3 


November 


November 


November 


November 


November 


November 


November 1 


November 


4 


Calories 
per Sq. Meter 
per Hour 


4.2 
31.8 
34.0 
31.2 


31 


Deviation 


Aub-Du 


from 
Bois 
Standard, per Cent 


— 9.7 
3.2 
— 2.4 
—13.8 
—15.4 
16.5 
+ 0.3 
1.6 
— 7.2 
15.0 
16.3 
+ 2.3 


= 
2 45 33.5 9.5 
5 33.1 10.5 
7 34.5 
43 22 163 a8 4 0 
6 4 
40 21 138 47 ss 15.4 
9 46 
10 15.7 
51 21 160 os 
10 —13.0 
20 53 11 29.9 19.2 
12 25.8 —20.3 
4 29.7 —19.7 
55 21 153 45 a || 37.4 + 16 
12 33.2 10 
14 30.7 17.3 
60 21 170 6 a 15 31.6 —14.5 
16 32.9 —11.1 
17 31.8 —14.0 
61 21 162 = a 15 30.8 —16.7 
16 31.5 14.8 
17 33.6 9.2 
0 20 155 49 a: 29.9 —19.2 
23 31.6 —14.6 
70 21 159 : | 1 37.4 1.1 
35.9 
31.9 —14.0 
34.2 —~10.0 
35.4 6s 
78 = 48 36.1 
83 24 34.9 — 6.7 
24.0 — 8.1 
33.5 — 9.5 
8 34 = 61 26.6 + 0.2 
36.8 + 08 
33.3 — 
19 161 52 25.6 
2 35.9 — 5.5 
30 37.5 —13 
us 19 158 59 a | 31.8 —15.2 
33.7 —10.1 
2 $2.5 —13.3 
2. 13.3 
100 21 = 52 —11.6 
2 | —13.8 
3 31.3 —15.4 
107 19 108 53 4.8 —7.2 
5 34.4 — 83 : 
7 32.4 —13.6 
108 21 16 49 ss: 33.4 | 
5 35.8 
7 6.1 
25 168 8 31.9 
12 31.3 
13 30.9 
21 16S 71 
12 wA 
13 24.5 
131 1s 163 61 32.3 
15 29.0 
16 31.8 
132 21 = 49 78 
15 38.3 + 34 
16 26.5 —14 
140 3 161 wo November 18 35.2 ~~ 49 
19 35.4 
5.8 
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Calories Deviation from 
Height, Weight, Dates, per Sq. Meter Aub-Du Bois 
Subject Age Cm. Kg. 1929-1930 per Hour Standard, per Cent 


141 165 61 November 18 
19 
November 2: 
November 2: 
November 25 
November 2 
November 
December 
December 
December 
December 
December 
December 
December 
1 
December 12 
13 
December 
1 
December 16 
it 
December 
December 17 
1s 


December 


December 


December 22 


December * 
oe 


December 26 


December 2 


i 
8.2 1.9 
2.7 
38.6 + 2.9 
35.1 —12.9 
32.8 —13.9 
33.1 —12.9 
32.8 —11.4 
33.3 —10.0 
36.8 — 0.4 
37.3 + 0.8 
38.2 + 3.2 
35.9 — 3.1 
40.7 + 8.5 
36.3 - 3.2 
38.5 + 2.6 
35.4 - 4.3 
33.4 — 9.7 
33.8 - 8.7 
54.0 8.1 
32.1 —13.3 
33.6 9.2 
32.6 12.0 
33.3 10.0 
33.1 -10.5 
35.9 — 1.6 
35.1 — 38 
34.7 - 5.0 
38.6 + 5.8 
34.2 - 6.3 
32.8 10.2 
32.8 11.4 
29.8 ~19.5 
30.3 —18.1 
35.4 4.3 
34.4 7.0 
36.6 1.1 
34.0 9.3 
35.0 6.7 
37.4 0.5 
33.3 10.0 
30.5 18.1 
29.8 19.4 
35.9 4.3 
34.5 8.0 
34.1 - 9.1 
35.5 - 4.0 
33.7 
37.5 14 
36.7 - 21 
ly 36.0 - 4.0 
) 31.2 15.7 
21 33.8 8.7 
220 20 164 | 34.2 7.5 
32.6 11.4 
21 36.3 -1.9 
235 155 4s 35.4 4.5 
31.8 14.0 
24 33.3 10.0 
245 19 170 63 | 29.2 71.0 
=i = 29.9 19.2 
34.0 8.1 
28 32.1 13.2 
28 30.6 —17.3 
i 


Subject 


245 


TasBLe 2.—Basal Metabolism 


of Student Nurses—Continued 


Height, Weight, Dates, 
Age Cm. Kg. 1929-1930 
22 162 19 December 30 
31 
20 i63 is December 30 
31 
January 1 
~” 170 60 January 3 
5 
19 163 65 January 
5 
0) 160 os January 6 
5 
20 135 January 6 
7 
8 
18 1M 06 January 9 
10 
ll 
1s 164 52 January 9 
10 
20 165 52 January 13 
1 
15 
162 January 13 
14 
15 
18 169 55 January i 
17 
18 165 69 January If 
ls 
26 1) 49 January 20 
22 175 1” January 2 
22 
19 166 62 January 2 
21 165 63 January 27 
21 138 January ? 
166 February 5% 
4 
159 49 February 
4 
166 February ¢ 
22 158 71 February ¢ 
2 17 7s February 10 
1 


Calories 
per Sq. Meter 
per Hour 
32 
34.2 
34.6 
32.3 


34.5 


24.8 
41.9 


Aub-Du Bois 


Standard, per Cent 


12.7 


Deviation from 
238 
7.6 
929 
6.5 
12.7 
6s 
13.2 
2.7 
= 36.7 2.1 
39.5 + 5.3 
36.4 - 29 
on 
33.7 8.9 
31.0 16.2 
28.4 23.2 
a7 
34.8 5.0 
34.4 7.0 
259 
Os 
39.4 3.7 
35.8 
53.2 
37.9 0 
40.3 5.9 
32.4 12.4 
19 
21.9 
- 
1.0 
6.9 0 
0 
4.9 
35 
S44 on 
6.2 4.8 
7.2 91 
ST 
- + 19 
7.8 + 21 
0.0 
289 5.3 4.6 
33.2 5.1 
37.2 0.5 
6.0 
40.8 <5 
3Y.2 4.5 
10.1 
1 
0 
08 
4.1 73 
29.5 
1.5 14.9 
2.5 20.2 
4.2 
40.5 
4 
12 4.4 f 
— 


TABLE 2. 


Calories Deviation from 

Height, Weight, Dates, per Sq. Meter Aub-Du Bois 
Subject Cm. Kg. 1929-1930 per Hour Standard, per Cent 
340 2 164 E February 10 
11 
12 
160 i February 13 
14 
15 
February 13 
14 


15 
February 17 
19 


February 17 
1 


January 
on 
January 2 
on 
February 27 
March 
February 27 
March 
March 
March 


March 


March 


March 


March 


March 


March ‘ 
> > 


March ? 
39 


March ? 
on 


March 2 


tm wivis 
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i 35.2 — 4.9 
i 357 24 162 55 38.7 +4 
38.0 +2 
20 36.9 —0 
358 19 164 55 P| 35.5 — 5 
35.9 —4 
20 37.3 — 0 
566 21 166 66 96.5 — 14 
31.4 —15.1 
32.3 —12.8 
367 23 157 46 38.7 + 4.6 
38.8 + 4.9 
38.3 + 3.5 
372 19 164 49 $5.1 — 64 
35.1 — 6.4 
31.9 —14.9 
373 19 164 52 35.0 — 8.0 
32.0 —15.9 
31.7 —19.2 
27 165 31.1 —16.0 
29.8 —19.5 
30.6 —17.3 
o8S 19 174 72 36.2 — 3.4 
7 $5.5 — §3 
8 33.9 — 9.6 
18 164 6 39.7 + 44 
7 39.8 + 4.7 
8 3s.4 + 1.1 
304 20 157 57 10) 95.0 — 6.7 
32.4 —13.6 
395 20 161 39 | 30.8 —17.8 
11 32.0 —14.7 
12 33,2 — 9.7 
400 19 158 56 a 17 31 —16.3 
1s 30) 19.5 
19 30 —18.4 
401 21 164 17 — 22 
is — 1.6 
19 + 1.9 
406 19 166 — 99 
—13.6 
23 San | — 97 
407 19 168 60 | 34.9 
35.9 — 4.5 
23 $2.5 —13.4 
412 18 152 55 7 37 — 2.1 
35 — 7.4 
26 39 + 34 
415 93 161 53 | ld 5 + 3.7 
29 + 1.2 
+ 0.3 
422 19 164 os March 31 3 + 0.5 
April 1 38.0 +12 
2 34.6 — 84 
423 19 168 37 April 1 $2.5 —13.4 
2 33.7 —10.1 
452 20 167 63 April 17 $6.2 — 2.5 
18 37.9 +24 
18 36.3 —19 
458 29 175 61 April 17 33.0 —10.9 
18 32.6 —11.9 
19 $2.7 —11.7 


Subject 


71 


80 


101 


109 


167 


270 


Tasit 3.—Basal Metabolism of Male Medical Students 


Age 


21 


24 


99 


oo 


Height, 
Cm. 


17 


175 


175 


175 


Weight, 
Kg. 


64 


67 


66 


Dates, 
1929-1930 


October 21 
99 


9 


October 24 
October 29 
1 
November 1 

November 
November 4 
November 8 
November 11 
1 
November 14 
November 18 


November 22 


November 6 


November 29 


December 1 
December 2 
December 4 


December 


December 9% 


10 
11 
December 18 
19 
January 7 
4 
January 9 
10 
il 


January 1 


January 23 


January 31 
February 1 


January 31 
February 1 


February 


aoe 


Calories 
per Sq. Meter 


Deviation from 
Aub-Du Bois 


per Hour Standard, per Cent 


33.0 


38.4 


6.4 
1 


‘8 
33.4 
1 
2 


39.2 
39.0 
37.2 
40.8 
37.6 
38.4 
4 
38.4 
31.9 


22 172 57 16.4 
— 28 
35.2 —11.0 
24 li4 538 37.9 — 41 
35.5 —10.0 
37.1 — 6.0 
26 = 34.6 —12.4 
36.3 — 8.1 
33.6 —15.0 
= 20 181 Lt 39.9 + 1.0 
37.2 — 6.0 
38.5 — 2.5 
= 31 175 os 36.4 — 74 
33.6 15.0 
32.7 —17.2 
110 29 = 66 $5.9 9.0 
i — 78 
+ 4.0 
119 27 = 72 _ 19.8 
: 23.0 
—10.4 
124 66 23.8 
: 21.0 
16.2 
133 | 171 39.2 09 
41.5 + 5.1 
41.2 + 4.4 
142 it 173 57 40.6 + 28 
19 $8.7 — 2.0 
20 26.4 — 79 
148 = 180 63 + 2.0 
24 — 3.0 
160 169 63 41.5 + 56 
27 36.2 
23 41.9 + 6.0 
= = 179 — 08 
30 — 13 
— 58 
175 21 176 63 + 3.3 
182 21 165 48 
5 - 28 
6 — 28 
185 24 184 78 28 
6 4.5 
194 20 182 72 Fe 19.3 
36.7 — 7.0 
39.5 0.0 
216 24 178 75 36.7 7.1 
36.7 7.1 
3.0 £8 
254 2 17s 72 35.9 - 9.1 
35.4 —10.4 
37.4 — 5.3 
1 23 17 62 37.5 — 5.1 
45.2 +144 
41.1 + 4.0 
= 24 175 35.9 ~ 9.1 
14 32.9 16.7 
15 32.8 16.9 
305 22 163 5 45.8 +16.0 
24 40.5 + 25 
25 43.5 +10.1 
317 26 171 70 35.7 — 9.6 
33.6 —15.0 
18 25 178 61 37.9 49 
36.3 — 8.1 
327 2 182 62 | | 38.7 2.0 
34.2 13.8 
40.0 + 13 


Taste 3.—Basal Metabolism of Male Medical Students—Continued 


Calories Deviation from 
Height, Weight, Dates, per Sq. Meter Aub-Du Bois 
Subject Age Cm. Kg. 1929-1930 per Hour Standard, per Cent 
41 21 72 59 February 10 5.6 +15.5 
1 - 6.0 


February 


January 4 
March 4 


February 27 


March 
February 27 


March 
April 


April 


April 


April 


April 


April 

11 
April 

April 


April 22 
33 


May 


TABLE 4.—Summartzed Basal Metabolic Rate 


Average Average Deviation from 
é Lowest Aub-Du Bois Standard, 
Values, Values, per Cent 
Calories per Calories per — eS 
Sq. Meter Sq. Meter All Lowest 
Number per Hour per Hour Values Values 
9 3). —2.9 
74 1.4 33. —7.0 
4.0 3.3 


fale medical students 20-21 
29.94 


| 
| 
12 5.4 
26 175 61 12 40.6 - 2.9 
13 38.3 - 3.0 
14 37.6 4.8 
365 23 171 36.8 
36.5 — 
374 6 176 40.8 3.3 
33.8 14.4 
38.5 2.5 
21 179 o4 38.1 3.5 
41.5 4.6 
34.0 14.0 
428 26 liz 70 8.0 3.8 
37.7 — 4.6 
16 36.5 — 5.1 
429 187 68 32.6 
34.2 —13.4 
31.7 —19.8 
434 23 185 73 Ha 33.8 —14.5 
32.1 18.7 
37.7 — 44 
455 a4 186 65 33.0 
35.0 11.4 
31.3 —18.2 
440 26 175 58 | 8.0 
38.0 - 3.8 
12 35.0 11.2 
441 180 39.5 0.0 
40.8 
41.7 5.6 
4465 24 177 63 35.4 10.4 
36.3 8.1 
35.0 11.4 
447 24 168 a) 38.6 — 2.3 
15 35.0 11.5 
16 $5.0 —11.5 
462 29 181 66 F 4.2 —10.9 
35.5 —10.1 
514 24 181 67 Hl 13 38.2 — 3.4 
14 33.0 
15 37.7 — 47 
3 42.7 8.1 
4 mo 10 
Age 
Student nurses 18 
19-24 
25-29 
0-54 3 35.5 33.4 
37.4 35.9 —5.5 — 9.1 
25-29 12 35.8 34.2 —9.4 —13.4 
31 1 34.2 32.7 13.4 —17.2 
\l 40 —§.1 —10.1 
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—2.3 per cent. Of ninety women included in our study, fifty-two were 
underweight and thirty-eight overweight, the average deviation being 
-O.8 per cent; of the medical students, thirty-three were below normal 
weight and seven above, with an average deviation of —7.2 per cent. 
lt is certain that any degree of malnutrition that would seriously affect 
the metabolic rate would be reflected in changes in weight markedly 
greater than these. 


Taste 5.—Basal Metabolic Rate of Women at the University of Minnesota 
(Caleulated from the Data of Conklin and McClendon) 


Heat Production, Calories Deviation from 
per Sq. Meter per Hour Aub-Du Bois Standard 

Subject Age Maximum Minimum Average Maximum Minimum Average 
M. G.. 20 $2.1 33. 4.1 13.3 8.7 
Li Ge cs 23 30.0 32. 7 18.9 2.4 
M.8.. 35 30.9 35. 63 15.4 38 
EveS 22 29.1 35. 4 71.4 4.1 
20 27.8 30. 54 24.9 17.3 
G. W. 20 30.5 32. 44 174 124 
Cc. C. 22 27.8 31. 3.2 24.1 14.0 
P.O 22 27.7 30. 10.5 25.1 178 
E. 8. 21 35.0 37.5 12.2 Os 0.5 
2 0.2 32.3 15.4 7 

Average..... 33.1 10.5 


Taste 6.—Metabolism of Women in Relation to Deviation from Standard Weight 


Average Deviation from Aub-Du Bois 
Deviation from Standard, per Cent 
Standard Weight, ——— 
Number per Cent All Values Lowest Values 


2... 14.6 —8.1 10.9 
10 or more) 
30.. 7.6 10.3 


(0 to 10 


+ 5.6 §.7 10.2 
(+10 to 0) 
+21.6 3.5 9.7 


(more than +10) 


Nevertheless, there seems to be a slight correlation between devia- 
tions from the standard weight and the standard metabolic rate (table 6). 


SUMMARY 


Determinations of basal metabolism on ninety-three student nurses 
and forty male medical students at Charleston, S. C., showed results 
averaging about 10 per cent lower than the Aub-Du Bois standard 
The results were compared with those of similar work done at Talia- 
hassee, Fla., and Minneapolis. Climate, the relative amount of iodine 
in human environment, dietary habits, and the state of nutrition are 


not considered responsible for the low values obtained. 


—— 


THE HEART RATE IN PROGRESSIVE MUSCULAR 
DYSTROPHY 


STUDIES WITH THE CARDIOTACHOMETER * 


ERNST P. BOAS, M.D. 
AND 
HENRIETTA LOWENBURG, A.B. 
NEW YORK 


In view of the reports of Globus ' and others on the presence of 
definite myocardial lesions in patients with progressive muscular dys- 
trophy, it seemed of interest to study some phases of the functional 
integrity of the circulation in a group of such patients. Accordingly, 
we studied the heart rate of seven patients with progressive muscular 
dystrophy. Dr. S. P. Goodhart placed the clinical material at our 
disposal. 


METHOD 


The studies were carried out with the aid of the cardiotachometer,? an instru- 
ment devised by one of us, which automatically records the heart rate of subjects 
for indefinite periods cf time under all degrees of physical activity and rest. The 
action current of the heart is led from the chest by two electrodes, through 
100 feet of light wire to a radio amplifier, which amplifies it about 6,000 times. 
The amplified current actuates a relay system, which in turn operates an electro- 
magnetic counter by means of which the heart rate is counted. The subject can 
move about freely without interfering with the accuracy of registration. The 
patients were in one room, the apparatus and observers in another. Every effort 
was made to enable the subjects to carry on their usual daily routine so that we 
might obtain the daily curve of their heart rate. Every patient was studied on 
two separate occasions to insure complete adjustment to the novelty of éhe 
experimental conditions. 

The experiments were begun in the late afternoon and continued until the 
following morning. The evening meal was served at 6 p. m. During the course 
of the evening the patients conversed with one another, played cards, read and 
listened to a phonograph. Exercise tests were given. The response of the heart 
to emotion was studied by discussing with the patients some of their personal 
griefs or difficulties. The patients went to bed at their accustomed’ hour, and 
in the morning washed, dressed and ate breakfast. Soon after breakfast the 
experiment ended. 


* Submitted for publication, July 10, 1930, 

*From the Neurological Division, Montefiore Hospital ie: Chronic Diseases. 

1. Goodhart, S. P., and Globus, J. H.: On the Nature of Muscular Dys- 
trophies: With a Report of Changes in Cardiac Muscle in Two Cases, Neurol. 
Bull. 1:386, 1918. Globus, J. H.: The Pathologic Findings in the Heart Muscle 
in Progressive Muscular Dystrophy, Arch. Neurol. & Psychiat. 9:59 (Jan.) 1923. 

2. Boas, E. P.: The Cardiotachometer—An Instrument to Count the Totality 
of Heart Beats Over Long Periods of Time, Arch. Int. Med. 41:403 (March) 1928 
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During waking hours the heart rate was recorded every few minutes, and the 
activity of the patient was carefully noted. During sleep the rate was calculated 
for every half hour, except when the patient appeared disturbed or restless, when 
more frequent readings were made. Early in the morning the basal heart rate 
was recorded, that is, the heart rate in the postabsorptive resting state. 


RESULTS 

As a basis of comparison we used similar observations on the heart 
rates of 103 normal persons.’ In table 1 are recorded the heart rates in 
the cases of progressive muscular dystrophy, as well as the average heart 
rates in our series of normal persons. In most instances the heart rates 
of the patients with muscular dystrophy were higher in the first than in 
the second experiment. This is probably due to the fact that in the first 
experiments the patients were not fully at ease. In the table the figures 
given represent in each case the experiments in which the heart rates 
were lowest, as a rule, the second experiment. 

Table 2 represents the protocol of an experiment on A. K., a man, 
aged 21 years, and the graphic record shows the heart rate during this 
experiment. 

The striking feature in all of the cases is the tachycardia which is 
evident in the patients both waking and sleeping. For instance the male 
patients with muscular dystrophy had an average minimum sleeping rate 
of 70 and a basal rate of 82.5, compared to rates of 52.7 and 61.4, 
respectively, of the normal series. 

A second characteristic of the heart rate in our cases of muscular 
dystrophy is its lability, its excessive acceleration in response to minimal 
stimuli. The intake of food, exercise and emotion caused the greatest 
quickening of the heart, while music, conversation and playing cards had 
little or no effect. Eating provoked a rise in rate of from 6 to 36 beats 
a minute. It was impossible to set one standard exercise for all of the 
patients because of their varying degrees of helplessness. We chose 
exercises in each case that involved the maximum use of the remaining 
iunctioning muscles, and encouraged the patients to work to the limit 
of their capacity. Such exercises caused a rise in heart rate from 11 to 
30 beats a minute. It was difficult to elicit an emotional response in 
these patients. Accordingly, in only four instances did we observe an 
appreciable rise in heart rate of from 10 to 24 beats a minute. In many 
instances slight movements such as turning in bed or sitting up or such 
acts as micturition provoked considerable increases in the heart rate. 

Others have noted the rapid labile heart rate in patients with progres- 
sive muscular dystrophy. Meerwein * collected 480 cases of this disease 


3. Boas, E. P.. and Goldschmidt, E. F.: Studien mit dem Cardiotachometer 
iber Frequenz und Rhythmus des Herzschlags, Klin. Wehnschr. 9:1115, 1930. 

4. Meerwein: Verhaltnisse von Herz und Zunge bei den primaren Myopath- 
ien, Dissert., Basle, 1904. 
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published before 1904. In 89 of these, some abnormality of the heart 
or pulse was noted. He divided these 89 into 4+ groups: Group | 
consisted of 13 patients who had abnormal pulse rates but no cardiac 
murmurs or evidences of cardiac enlargement. Twelve of these patients 
had pulse rates that ranged from 90 to 135, and in 3 of them the rate 
was very labile. Group 2 consisted of 12 patients who had definite 
murmurs but no enlargement of the heart. Twelve of these had rapid 
pulse rates, and in 1 the pulse was very labile. Group 3 consisted of 49 
patients who showed cardiac enlargement. Nineteen of them had rapid 
pulse rates. Group 4 represented 15 cases that came to necropsy in 
which definite lesions of the myocardium were found. 

We have been able to find few records of the heart rates of patients 
with progressive muscular dystrophy in the literature since 1904. 
Globus ° observed a boy, aged 5, whose pulse was rapid and labile, 
varying from 80 to 130. Sacara-Tulbure ° noted a rapid pulse in several 
cases and irregular rhythm in three cases. Berblinger and Duken * and 
Schliephake * reported a number of interesting cases. The first, that of 
a boy, aged 12, when in the hospital showed a gradual increase in pulse 
rate from 80 to 120 in six days. Then the patient exhibited abdominal 
tenderness, vomiting and leukocytosis, while the pulse rate rose to 160. 
\ laparotomy revealed no lesion, and the boy died shortly afterward. 


The second patient, a boy, aged 14, had attacks of pallor lasting from a 


few minutes to several days, in which the pulse rate rose from 80 to 160. 
\n electrocardiogram, taken between attacks, showed a questionable 
arborization block. The third patient had definite attacks of paroxysmal 
ventricular tachycardia, proved electrocardiographically, and the authors 
suggested that the other two patients had a similar disturbance. 

We noted no abnormalities of rhythm in any of our cases. Electro- 
cardiograms were taken in all of them. Five showed essentially normal 
clectrocardiograms, but A. F. showed left axis deviation with the T 
wave negative in leads 2 and 3 and the descending limb of R in leads 1 
and 2 notched ; while case L. S. showed left axis deviation with T in lead 
1 negative, and the descending limb of R in lead 1 notched. These signs 
were accepted as evidence of myocardial damage. In these two cases 
their significance is lessened because .\. F., though a young man, had 
hypertension (160 systolic and 100 diastolic), and L. S. was 38 
vears old. 

5. Globus, J. H. (footnote 1, second reference) 

6. Sacara-Tulbure: Contribution a l'étude clinique de la paralysie pseudo- 
hypertrophique, Rev. de méd. 14:273, 1894. 

7. Berblinger and Duken, J.: I. Der kardio-intestinale Symptomenkomplex 
het der progressiven Muskeldystrophie, Ztschr. f. Kinderh. 47:1, 1929. 

8. Schliephake, E.: II. Graphische Untersuchungen der kardio-intestinale 
Symptomenkomplex hei der progressiven Muskeldystrophie, Ztschr. f. Kinderh 
47:85, 1929, 
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Teleoroentgenograms were taken of all of the patients. None 
showed enlarged hearts, nor was the configuration of the heart typical. 
The blood pressure for all except A. F. was within normal range. A 
striking feature on auscultation in four of the patients was the feeble- 


Taste 2.—Protocol of the Observations on the Heart Rate of A. K. 


Total Counter Total 
Time Minutes Reading 


P. M. 


Comment 
Sitting in chair 
Sitting in chair 
Sitting in chair 
Sitting in chair, reading 
Sitting in chair, talking 
Starting to play cards 
Playing cards 
Playing cards 
Sitting in chair, talking 
9; Sitting in chair 
16 Undressing, in bed 

New start Electrode moved: replaced witli 

adhesive over strap 
Undressing 
Undressing 
In bed (awake) 
In bed (awake) 
Physical examination 
Physical examination ended 
Asleep 
Asleep 
Asleep 
Asleep 
Asleep 
Asleep 
Asleep 
Asleep 
Asleep 
Asleep 
Asleep 
Asleep 
Asleep 


19 
20 
25 
30 
00 
13 
730 
00 
30 
00 


mts 


=) =) ¢ &> 
EA 


Basal rate, 85 


Getting up, dressing 


Getting into chair 
8 In chair 
64,807 $ J In chair 
046 
Morning toilet, urinating 
Eating breakfast 


12: 
13 
1: 
23 
3: 
3: 
4: 
4: 
5: 
5: 
6: 
6: 
6: 
6: 
6: 
6: 
6: 
6: 
6: 
6:5 
6 
6: 
6: 
6: 
6: 
te 
te 


ness and absence of muscular quality of the first heart sound at the 
apex, and the accentuation of the second sound at the base. The sounds 
in these patients resembled those heard in patients with recent coronary 
thrombosis. In three patients the heart sounds were normal. No mur- 
murs were heard except in A. F., who presented a systolic murmur at 


| 
| 
A 
) 53,221 2,534 
55,666 2,445 
58,149 2,483 
BO 60,708 2,559 85.3 
0 | 61,567 859 85.9 
l 61,652 85 85.0 
2 61,738 86 86.0 
3 61,819 §1 81.0 Ft 
4 61,904 85 85.0 
5 61,989 85 85.0 
8 62,258 269 $9.6 
0 62,448 190 95.0 
2 62.637 189 94.5 
5 62,949 312 104.0 
a) 63,067 118 118.0 
7 63,168 101 101.0 
Ss 68,292 124 124.0 
0 63,505 213 106.5 
2 63,734 229 114.5 
5 64,092 358 119.3 
i 2 
1 
2 1 
5 3 
7:21 6 
7:35 14 
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the aortic area. It may be significant that D. K., in whom the poor 
muscular quality of the first sound was most striking, showed the most 
rapid heart rate. 

In general, however, we were unable to correlate any cardiovascular 
physical observations, the extent of involvement of the striated muscles 
or the duration of the illness with the level of heart rate. 

What is the cause of the rapid heart rate in patients with progressive 
muscular dystrophy? Simple tachycardia may be due to neurogenic 
tactors. As one of us has shown in another communication,’ however, 
neurogenic tachycardia disappears during sleep. The minimum 
heart rate during sleep is measured at a time when the manifold extrinsic 
stimuli that affect the heart are at a minimum, and, so, most closely 


150 


Washing 


4. i 


7 
12 aM. 2 3 4 5 6 


Graphic record of the heart rate of A. K. during an experiment. 


represents the chronotropic activity of the heart. Since our patients all 
showed a high minimum rate during sleep, neurogenic factors cannot be 
solely responsible for the tachycardia. 

Fever and an increased basal metabolic rate, as well as anemia or 
anoxemia, may also determine a rapid heart rate. None of these obtains 
in muscular dystrophy. The elimination of these factors makes it prob- 


able that the tachycardia is caused by some intrinsic cardiac disturbance. 


This conclusion finds ready support in the pathologic studies of Globus,’ 
Goodhart and Globus,’ Bunting,?° and Berblinger and Duken,’? who found 


9. Boas, E. P., and Weiss, M. M.: The Heart Rate During Sleep as Deter 
mined by the Cardiotachometer, J. A. M. A. 92:2162 (June 29) 1929 

10. Bunting, C. H.: Chronic Fibrous Myocarditis in Progressive Muscular 
Dystrophy, Am. J. M. Sc. 135:244, 1908. 
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in the myocardium fibrosis and fatty infiltration and lesions resembling 
those of the striated musculature. Further confirmation of such changes 
in the muscles are found in two of our electrocardiograms and in the 
electrocardiograms of Berblinger and Duken, as well as in the abnormal 
quality of the first heart sound noted by us. 


There is one other possible factor that merits consideration. Tachy- 
cardia may be determined by a faulty distribution of blood in the vascu- 
lar tree. The important factors here are the vasomotor tone and the 
efficiency of the pumping action of the striated muscles on the return 


flow of blood through the veins. Since so large a part of the muscula- 
ture in these patients is functionless, the efficiency of the peripheral 
venous pump must be greatly diminished. It is an extreme illustration 
of the difference between “trained” and “untrained” persons. It is well 
known that the latter have more rapid and more labile heart rates than 
the former. In order to check this point, we studied the heart rates of 
six patients disabled by such diseases as arthritis deformans and exten- 
sive anterior poliomyelitis and two cases of the Charcot Marie tooth type 
of muscular dystrophy. The heart rates are recorded in table 1. It is 
apparent that these patients too have a tendency to rapid heart rates, 
although in none of them is there reason to believe in the existence of a 
myocardial lesion. We realize that these few cases are not conclusive, 
particularly because of the youth of three of the subjects. 


SUMMARY 

Seven patients with progressive muscular dystrophy exhibited tachy- 
cardia which persisted during sleep. We believe that the rapid heart rate 
is due to the characteristic myocardial lesions of this disease, as well 
as to the effect of the loss of the pumping action of the striated muscles 
on the venous return flow. Further evidence of myocardial injury was 
presented by two patients who had electrocardiograms characteristic of 
disease of the heart muscle and by four patients in whom the first heart 
sound was feeble. 

REPORT OF A CASE 

History.—A. K., a man, aged 21, presented a case of progressive muscular 
dystrophy. As a baby he was dropped on the floor and severely injured.  Sinc« 
the age of 6 the arms and legs had been weak. When he was 7 years old, hx 
was struck by a man who jumped off a motorcycle; he was unconscious for half 
an hour, but had no permarent injuries. After the accident he walked home, but 
on climbing the stairs, he found that his legs were much weaker, so that he 
had to pull on the banister with the right hand and rest the left hand on the 
left knee. This condition never improved. During the following years the mus 
cular weakness became progressively worse, and he began to have difficulty in 
arising from a sitting posture. He had been unable to walk for six years befor¢ 
consulting us. He had occasional palpitation, and frequently complained of cold 
hands and feet. 
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Examination.—Examination revealed a well nourished young man who could 
not sit without assistance. The lips were large, the tongue was hypertrophied, 
and the teeth showed a trophic disorder. The cranial nerves were normal. There 
was a flaccid paralysis of both the upper and the lower extremities in flexion 
He could not raise the arms above the head, and could not flex the thighs. The 
serratus, latissimus dorsi and rhomboid major muscles were paralyzed. The 
pectoralis major was weak on both sides. Rotation of the head was also weak 

The heart was not enlarged, the first heart sound was faint, and the second 
sounds were accentuated at the base, the aortic being stronger than the pulmonic 
second sound. There were no murmurs. The blood pressure was 125 systolic 
and 80 diastolic. The electrocardiogram showed right axis deviation. Table 2 
is the protocol of the observations on the heart rate for a period of twelve hours 
and sixteen minutes. 


GASTRIC ACIDITY IN DIABETES MELLITUS 


ITS CLINICAL SIGNIFICANCE BASED ON A STUDY OF ONE 
HUNDRED CASES * 


I. M. RABINOWITCH, M.D. 


A. F. FOWLER, M.D. 
AND 
B. A. WATSON, M.D. 


MONTREAL, CANADA 


Persons with diabetes are exposed to all the conditions to which non- 
diabetic persons are exposed, infectious as well as noninfectious. For 
the diagnosis of some of these conditions, studies of gastric acidity are 
frequently employed. Such conditions include gastric and duodenal 
ulcers, disease of the gallbladder and hepatic disease in general, malig- 
nant conditions, anemias, etc. Therefore, it is important to know whether 
diabetes, per se, may be responsible for disturbances of gastric acidity. 

Working with the same disease daily, one can hardly fail to be 
impressed by various phenomena as they are met with from time to 
time, and the impression gained was that in diabetes not only does the 
gastric acidity tend to be lower than normal, but achlorhydria occurs fre- 
quently. In the interpretation of these observations, there is, however, 
an important variable to consider. Determination of gastric acidity is 
not part of the routine in the management of the diabetic person. It 
is made use of only when signs or symptoms suggest any one of the 
aforementioned conditions, namely, ulcer, cancer, etc. Therefore, the 
low gastric acidities observed in the past may have been the result of 
these associated conditions. Our records of diabetic patients fail to 
reveal an exceptional incidence of these conditions. There is, therefore, 
good reason to suspect that the relationship between lowered gastric 
acidity and diabetes is more causal than accidental. 

The literature on this subject is scanty. Standard works on diabetes, 
such as those of von Noorden, Graham, Joslin, and others, make no 
mention of it. In the latest addition to the chapter on diabetes mellitus 
in Nelson’s Loose-Leaf System of Medicine, Joslin referred briefly to 
the work of Wiechmann and Elzas. In a study of twenty-five cases of 
diabetes, these authors found achlorhydria in eight cases, an incidence 


* Submitted for publication, Aug. 13, 1930. 

*From the Department of Metabolism, the Montreal General Hospital. 

* This investigation was made with the aid of a grant from Mr. W. W. 
Butler of Montreal and a Governor of this hospital. 
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of 32 per cent. Severity of the diabetes and acidity did not appear to 
be related. Joslin here also recorded his own experience ; achlorhydria 
was found in nine cases of thirty-seven investigated, an incidence of 
approximately 25 per cent. Cammidge, in his work on “New Views on 
Diabetes Mellitus,” referred to this subject briefly, and stated that “in 
some cases of frank diabetes with persistent hyperglycemia and evidence 
of defective formation of internal secretion of the pancreas, a study of 
the hemoglobin dissociation constant of the blood and carbon dioxide 
tension of the alveolar air has pointed to a deficient production of hydro- 
chloric acid by the stomach.” In 1926, Bowen and Aaron? reported 
the cases of ten diabetic patients suffering from diarrhea. Achlor- 
hydria was found in every case. As it was suspected that the diabetes 
may have been responsible for the achlorhydria, an investigation of the 
gastric acidity was made in a number of other diabetic persons as well. 
In the whole group, sixty-nine cases, the incidence of achlorhydria was 
29 per cent. The data also suggested that achlorhydria was related to 
the severity and the duration of the diabetes. No patient with achlor- 
hydria was found who did not have severe diabetes. With regard to the 
duration of the diabetes, it was found that the average duration among 
the group with normal acidity was 2.8 years; with decreased acidity, it 
was 3.6 and with achlorhydria, 6.6 years. Relationship between mor- 
tality and achlorhydria was also suggested. 

The aforementioned observations were considered sufficiently inter- 
esting to warrant further investigation. For this purpose, 100 diabetic 
persons were selected at random from our clinic. In none of these 
patients were there any signs or symptoms of digestive disorders. 
Though we adhered to selection of subjects at random otherwise, an 
attempt was made to make the group fairly representative with regard 
to age, and severity and duration of the diabetes. 


TECHNIC 


During the last decade, attempts have been made to improve the reliability of 
data with regard to gastric acidity. Thus, to insure stimulation of gastric secre- 
tion, there has been a tendency to replace the standard Ewald test meal, consisting 
of toast and tea, with histamine or alcohol. Fractional analysis has been substi- 
tuted for single determinations and fx determinations for estimation of titratable 
acidity. It is obviously not our purpose to decry any of these new procedures. 
They undoubtedly have their place, and may yield more reliable information than 
the single estimation of the titratable acidity of gastric juice obtained with the 
use of toast and tea. For example, histamine should be of particular value in 
differentiating between the two types of achlorhydria now recognized, namely, (1) 
the type in which the mucosa is capable of producing hydrochloric acid, but the 


1. Bowen, B. D., and Aaron, A. H.: Gastric Secretion in Diabetes Mellitus: 
port of Ten Diabetic Patients Who Had Diarrhea and Achlorhydria, Arch. Int. 
d. 37:674 (May) 1926. 
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stimulus of the test meal given is not sufficiently powerful, and (2) the type in 
which there is true cessation of function of the hydrochloric acid-producing cells. 
Both alcohol and histamine eliminate one possible source of error, namely, the 
neutralization of hydrochloric acid by the ingested food materials. An error 
common to the use of alcohol and the Ewald meal, but chiefly to alcohol, because 
of the volume of liquid introduced into the stomach, is excess dilution of the 
gastric juice in the absence of normal motility. With such dilution, the low 
acidity noted would obviously be more apparent than real. Errors common to 
all methods and resulting from the insertion of a tube are (1) excess production 
of alkaline mucus, (2) excess production of alkaline saliva and swallowing the 
latter and (3) abnormal regurgitation of alkaline fluids (bile, pancreatic and 
intestinal juices) from the intestines. With regard to the latter phenomenon, it 
may here be observed that there is a normal amount of regurgitation. Babkin 2 
has shown that the acid concentration of fresh gastric juice of man ranges 
between 0.4 and 0.5 per cent. The optimum and usual acidity that ranges 
between 0.15 and 0.2 per cent hydrochloric acid is the result of a mild grade of 
regurgitation of the aforementioned alkaline fluids from the intestines. 

The preceding observations may be made with regard to the possible variables 
in the interpretation of gastric acidity. They demonstrate that with this test, as 
with all other laboratory procedure, it is important to have a sound knowledge 
of physiology besides manipulative skill, and it is our experience that when due 
consideration is given to all of these factors, including the time interval between 
the ingestion of food and the collection of juice, a single estimation of the gastric 
contents, obtained following the administration of the standard Ewald meal, 
yields reliable information in the majority of cases. The latter procedure was, 
therefore, our routine in this investigation. 

Another, and rather important, reason for adhering to the aforementioned 
technic was that it is important to compare things which are comparable. Our 
purpose in this investigation was to compare the gastric juice of the diabetic 
person with that generally accepted as normal. Here it may be observed that the 
standards of acidity still used by clinicians with regard to the amounts of free 
hydrochloric acid and total titratable acidity are those that were obtained with 
the Ewald meal and single analysis. The following are, briefly, the statistical 
results of this investigation. 

RESULTS 

That the group was representative with regard to sex is shown by 
the fact that there were forty-four males and fifty-six females. Though 
a number of variables have to be considered in the interpretation of 
severity, for practical purposes we divided our patients into two groups, 
namely, (1) those who required insulin to control the diabetes and (2) 
those who did not. It may be observed that we excluded patients who 
required insulin temporarily and as an emergency measure only. This 
included patients with infections, those who had had operations, and 
others. Our cases were fairly representative with regard to severity. 
In forty-nine cases the patients were treated with insulin, and in fifty- 
one cases insulin was not required. 


2. Babkin, B. P.: Die dussere Sekretion der Verdauungsdriisen, Berlin, 
Julius Springer, 1914. 
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Practically all decades, with the exception of the first, were repre- 
sented, as shown by tables 1 and 2. 

In table 3 are shown the incidences of the different amounts of frec 
hydrochloric acid and total acidities expressed as cubic centimeters of 
tenth-normal acid. 


TasLe 1.—Age Incidence 


Decade Number of Cases 
1to10 0 
11 to 20 8 
21 to 30 ll 
to 40 
41 to DO. 
il to 60. 32 
61 to 70. : 13 
5 


Taste 2.—Duration of Diabetes 


Duration, Years Number of Cases 
49 
1.1 to 2.0... 29 
2.1 to 3.0 12 
3.1 to 4.0 3 
4.1 to 5.0 ° 3 
51+... ll 


TaBLe 3.—Incidence of Free Hydrochloric Acid and Total Acidity 


Incidence 


Acidity, 

Ce. Tenth- Free Hydro- Total 

Normal chlorie Acid Acidity 
0. 39 es 

1 to 10.. 74 22 

ll to 2. 0 14 

21 to 30. 8 1 

31 to 40. 5 10 

41 to 5O.. H 


It will be observed that there was complete absence of free hydro- 
chloric acid in 39 per cent of the cases, and that in more than 50 per 
cent the amounts found were definitely below normal. This also applies 
to the total titratable acidity ; fifty-nine patients had total acidities cor- 
responding to less than 40 cc. of tenth-normal acid. 

Table 4 shows that there was no relationship between the duration 
of the diabetes and acidity. 


Sl to 
61 to 70. 10 
71 to 80 1 . 
81 to 9 . 
91 to 100. 1 . 
101+...... es 1 
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These results, therefore, differ from those reported by Bowen and 
Aaron. It is important, however, to consider the fact that the selection 
of cases by the latter authors and ours were not the same. Ours were 
selected at random, except that cases with signs and symptoms of diges- 
tive disturbances were excluded, whereas Bowen’s group included ten 
cases of diarrhea. 

The relationship between the severity of the diabetes and the total 
acidity (the average acidity being expressed as cubic centimeters of 
tenth-normal acid) was as follows: In the cases in which insulin was 


TABLE 4.—Duration of Diabetes and Acidity 


Average Acidity (Ce. Tenth-Norma! 


Free Hydro- 
ehlorie Acid Total 


Taste 5.—Relationship Between Age and Acidity 


Average Acidity (Ce. Tenth-Normal) 


Free Hydro- 
Decade ehlorie Acid Total 


io miso: 


BS: 


used, the average free hydrochloric acid was 10.5 and the average total 
acidity was.36.2; in the cases in which insulin was not used, the average 
free hydrochloric acid was 9.8 and the average total acidity was 32.3. 
Here, again, our data differ from Bowen's, but they agree with those of 
Wiechmann and Elzas, in that no relationship was found; the average 
amounts of free hydrochloric acid and total acidity were practically the 
same in the group treated with insulin as in the group that was not 
treated with insulin. 

Table 5 shows the relationship between age and acidity. 

In the interpretation of these data, one must consider the fact that 
even in normal persons beyond middle age (about the age of 50) both 
free hydrochloric acid and total acidity tend to be low. When this fact 
is considered, there appears to be little or no relationship between age 
and acidity. In other words, though the average amount of free hydro- 


2.1 to 3.0. 14.8 44.6 
4.1 to 5.0..... é 11.2 38.0 
on 
21 to 98...... , 7.3 
41 to 50.... 10.0 
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chloric acid and total acidity was lower than expected under normal 
conditions at all age periods, age, per se, appears to have no particular 
influence among diabetic persons. 

As to the relationship between the sex of the patients and acidity 
(average acidity being expressed in cubic centimeters of tenth-normal 
acid), the following results were noted: The average free hydrochloric 
acid was 14.1 in males and 7.1 in females and the average total acidity 
was 36.8 in males and 32.3 in females. It appears, therefore, that, on 
the average, both the free hydrochloric acid and the total acidity tended 
to be lower among the female than among the male patients. 

In table 6 is shown the combined relationship between age, sex and 
acidity. 

For the purpose of investigating the aforementioned relationship in 
greater detail, males and females were separately grouped and the aver- 


Taste 6.—Relationship Between Age, Sex and Acidity 


Male Female 


Average Acidity, Average Acidity, 
Ce. Tenth-Normal Ce. Tenth-Norma! 
Free Hydro- Free Hydro- 
Decade chlorie Acid Total chlorie Acid Total 
ll to 2 . 18.7 62.2 6.5 48.2 
21 to 30 15.9 37.8 3.3 71.0 
Sl to 40. 24.0 46.0 0 7.6 
4l 18.3 33.8 2.9 28.0 
51 to 3.8 32.0 10.7 0.9 
61 to 70 9.6 24.0 10.2 49.8 
13.0 6.5 23.5 


age amounts of free hydrochloric acid and total acidities were calculated 
ior the different decades. Here, again, though the average amount of 
doth free hydrochloric and total acidity tended to be lower for all dec- 
ades, age did not appear to be a factor; but the values in the group 
ot females were lower than those of the males. 


COMMENT 

Repeated experiences of a number of workers have shown that 
achlorhydria may be found among normal persons. ‘The incidence 
tends to be higher with single analysis than with periodic collection of 
gastric juice. Unfortunately, in a large part of the literature one finds 
an admixture of normal and abnormal persons in the groups investi- 
gated. On the whole, however, it would appear that with periodic 
examinations, the incidence of achlorhydria is approximately 10 per 
cent, and with single analysis only there is an additional 9 per cent; in 
other words, it would appear that with the use of the standard Ewald 
test the incidence of achlorhydria is about 20 per cent. In an analysis 


390 ARCHIVES OF INTERNAL MEDICINE 


of 100 normal persons, Bennet and Ryle* found only four cases of 
complete absence of free hydrochloric acid. Our experience among non- 
diabetic persons with the Ewald test shows an incidence of achlorhydria 
of less than 20 per cent. However, allowing an incidence of 20 per 
cent, the latter value is only about one half of that found in the 
group of 100 diabetic persons investigated. Our results, therefore, 
appear to warrant the conclusion that gastric acidity tends to be 
low in diabetes. ‘The clinical importance of this observation is that 
when diabetic persons show signs and symptoms that suggest conditions 
for the diagnosis of which gastric acidity is considered, the fact that 
diabetes, per se, may be responsible for low acidity must be considered. 

This investigation does not concern cause and effect. That diabetes 
may be responsible for altered function of the gastro-intestinal tract is, 
however, suggestive. It is interesting to note that gastro-intestinal dis- 
turbances are not uncommon in this disease, in the absence of the usual 
causes. Thus, in addition to achlorhydria, diarrhea may be noted occa- 
sionally and constipation commonly, and “cramps,” vomiting or dilata- 
tion of the stomach may be observed prior to the onset of coma. 
Hypertrophy of the duodenal mucosa is also a suggestive sign; this 
characteristic was an almost constant observation at autopsies, in cases 
of diabetic coma, prior to the days of the use of insulin. This phase 
of the subject is now being investigated. 


3. Bennet, T. I., and Ryle, J. A.: Guy's Hosp. Rep. 71:286 (July) 1921. 
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In 1901, Strauss suggested the use of levulose for testing the 
function of the liver. Five years later, Richard Bauer,’ of Vienna, 
introduced galactose for a similar purpose. While this phase of studies 
on the liver aroused considerable interest in England and on the 
continent, American literature on clinical medicine has given little con- 
sideration to the subject. American contributors have usually been 
concerned with levulose, while galactose has either been ignored or 
mentioned only with a word of condemnation. This is all the mor: 
strange since American biochemical literature is replete with contribu- 
tions concerning the metabolism of this sugar. 

While working with Bauer in 1927, one of us was impressed 
with the information obtained through studies on galactosé tolerance 
in various conditions of the liver. For the past two years we have 
been utilizing this test at the Jewish Hospital of Philadelphia in an 
attempt to satisfy ourselves as to its value and to determine its 
limitations. The test used has consisted of the ingestion of 40 Gm 
of pure galactose on a fasting stomach, and the determination of the 
urinary output of galactose for the ensuing five hour period. Before 
presenting our clinical studies, we feel that certain basic considerations 
must be presented regarding the use of any sugar as a functional test 
substance. We shall attempt to show that galactose answers these basic 
considerations, comparing, wherever possible, its behavior to that of 
levulose, and finally, offering some observations on the metabolis: 
galactose. 

*Submitted for publication, Aug. 22, 1930 
*From the Gastro-Intestinal Clinic of the Jewish Hospital of Philadelp 


* Presented at the College of Physicians, Section on Medicine, April 28, 193 


1. Strauss, H.: Zur Funktionspriifung der Leber, Deutsche med. Wehnschr 
27:757, 1901 
2. Bauer, R.: Ueber die Assimilation von Galaktose und Milchzucker beim 


Gesunden und Kranken, Wien. med. Wehnschr. 56:20, 1906 
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REQUIREMENTS OF ANY SUGAR USED IN TESTING THE 
FUNCTION OF THE LIVER 
Purity of the Sugar.—The sugar used must be obtainable in pure 
form. This has been possible in the case of galactose but not for 
fructose. Folin and Berglund * found fructose so unstable that they 
questioned whether any is obtainable entirely free from the products 
of decomposition. 


Absorption of the Sugar.—lf the sugar is to be given orally, it must 
be easily absorbed from the intestinal tract, thus eliminating the difficul- 
ties of loss by vomiting or diarrhea, and it must not be readily destroyed 
by bacteria in the intestine. Cori,* studying the rate of absorption of 
hexoses and pentoses from the intestinal tract of rats, found that the 
loss of sugar due to bacterial action in the intestines was so small that 
it could be neglected in the experimental calculations. He also showed 
that the absorption of galactose, dextrose and fructose proceeds at a 
rate constant for each sugar, and that the ratio of these rates may be 
expressed as 110, 100 and 43 in the order mentioned. Thus, it is seen 
that galactose is absorbed at least 2.5 times as rapidly as fructose. This 
observation indicates that galactose is least likely to produce gastro- 
intestinal disturbances and particularly loss by diarrhea, phenomena 
that Folin and Berglund * as well as Rowe® found frequently in the 
use of their fructose preparations. In no instance was bowel distur- 
bance from the use of galactose noted by us, and in only one case was the 


sugar vonnted; this occurred in a patient who was very ill with acute 
nephritis and toxic jaundice. 


Tolerance for the Sugar——The normal tolerance for the sugar used 
must be known, and its utilization in relation to age, weight and sex 
must be considered. Cori® found that the percentage of absorbed 
galactose excreted in the urine increased with increased length of 
absorption, in spite of the fact that the rate of absorption was constant. 
indicating that there is a definite amount of galactose that the liver is 
capable of utilizing at one time. Bauer,? Rowe® and others have 
demonstrated that this normal tolerance for human beings is about 
40 Gm. Rowe contended that the threshold of tolerance is higher for 


3. Folin, O., and Berglund, H.: Some New Observations and Interpretations 
with Reference to Transportation, Retention and Excretion of Carbohydrates, 
J. Biol. Chem. 51:213, 1922. 

4. Cori, C. F.: The Rate of Absorption of Hexoses and Pentoses from the 
Intestinal Tract, J. Biol. Chem. 66:691, 1925. 

5. Rowe, A. W.: Metabolism of Galactose: I. The Threshold of Tolerance 
in Normal Adults, Arch. Int. Med. $4:388 (Sept.) 1924. 

6. Cori, C. F.: The Fate of Sugar in the Animal Body: III. The Rate of 
Glycogen Formation in the Liver of Normal and Insulinized Rats During the 
Absorption of Glucose, Fructose and Galactose, J. Biol. Chem. 70:577, 1926. 
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women than for men; he believed that woman entertains within her 
organism a specific galactose mechanism which, so far as is known, 
is absent in man. Rowe stated that this power of synthesis, of storage 
and of conjugation of galactose is inherent in the female mammary 
glands. 

A study of table 1 will indicate that Rowe’s contention is probably 
not justified. This table includes the results obtained in fifteen normal 
males and fifteen normal females, to each of whom the standard dose 
of 40 Gm. of galactose was administered. In their respective columns 
are given the ages of the patients in years, the weights in pounds and 


TABLE 1—Comparative Study of Excretion of Galactose in Males and in Females 
Females Males 
Age, Weight, Galactose* in Age, Weight, Galactose* in 
Years Pounds Urine, Gm. Years Pounds Urine, Gm. 
%. 100 0.00 52 110 1.20 
102 0.25 O4. 110 1. 
64. 107 2.20 53. 112 1.08 
63.. 108 0.69 39. 115 0.30 
55. ‘ 110 0.13 42. 120 2.20 
42. 110 1.00 30. 126 1.00 
63. 115 0.30 64.. 29 0.00 
115 0.70 129 1.20 
64.. 134 0.98 Mw) 133 1.10 
Pica 1” 0.00 40. 142 1.20 
18.. 1383 0.65 69... 180 0.00 
Tews 162 1.98 162 1.10 
0 175 0.00 i 162 0.87 
sees 185 0.19 4 166 0.00 
Average. 0.64 Average.. 0.58 


* Galactose output in the urine during the five hours following the ingestion of 40 Gm. of 
that sugar. 


the urinary output of galactose for the five hours following its inges- 
tion, in grams. All the decades from the first to the sixth are included. 
When it is considered that the normal person may excrete in the urine 
from none to 3 Gm. of sugar in the five hours after the administration 
of 40 Gm. of galactose, it becomes evident from this table that there is 
practically no difference between the sexes in their tolerance for this 
sugar. 

The objection raised by some authors that the use of arbitrary 
amounts of the sugar without regard to the weight and age of the 
patient may also be answered from the figures in table 1. It will be 
noted that while all of the figures for the urinary output ranged below 
3 Gm., the subjects of greater weight not infrequently excreted more 
sugar than those of less weight. Moreover, this series of cases indi- 
cates the independence of the test as regards the age of the patient. 
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These facts find further confirmation by Schirokauer,’ by Stern,® and 
by Meyer and Stern” in studies on children ranging in age from 2 to 
8 years. They found that the limits of assimilation for galactose in 
children are definitely comparable with those observed in the adult. 
Convertibility of the Sugar to Glycogen.—The sugar employed must 
be a glycogen builder, but preferably such a builder with difficulty. If 
so, the sugar will tax this function especially, and will be more apt to 
register distress with milder degrees of damage to the liver. Galactose 


answers both of these requirements. Perfusion experiments by Grube *° 
with liver of tortoises showed a direct utilization of galactose by the 
liver. Roubitschek '! and Hurwitz and Bloomfield,'? using lactose in 
experiments with animals poisoned with phosphorus and chloroform, 


respectively, concluded that galactose is a glycogen builder. While 
Cori and Goltz '* have shown that galactose, dextrose and fructose per- 
meate the liver cells with the same ease, many observations indicate that, 
of the three, galactose is converted to glycogen the most slowly. Thus, 
Hoffmeister’s ** experiments indicate that galactose and lactose are 
assimilated in the smallest degree as compared with dextrose, levulose 
and cane sugar. Cori’® stressed the difficulty with which galactose is 
converted into glycogen. The work of Blumenthal,’® of Strauss ‘* and 
of Voit?* further attested to the difficulty with which galactose is 


7. Schirokauer, H.: Der Zuckerstoffwechsel beim Lymphatismus der Kinder, 
Jahrb. f. Kinderh. 79:581, 1914. 

8. Stern, G.: Diphtherie und Leberfunktion, Med. Klin. 15:873, 1919, 

9. Meyer, S., and Stern, G.: Ueber den Galaktosestoffwechsel im Sauglings 
und Kleinkindesalter, Arch. f. Kinderh. 68:241, 1920. 

10. Grube, K.: Untersuchungen ueber die Bildung des Glykogens in der 
Leber, Arch. f. d. ges. Physiol. 118:1, 1907. 

11. Roubitschek, R.: Alimentare Galaktosurie bei experimenteller Phosphor- 
vergiftung, Deutsches Arch. f. klin. Med. 108:225, 1912. 

12. Hurwitz, S. H., and Bloomfield, A. L.: Tests for the Hepatic Function: 
Lactose Tolerance as Influenced by the Liver Necrosis of Chloroform Poisoning, 
Bull. Johns Hopkins Hosp. 24:380, 1913. 

13. Cori, C. F.. and Goltz, H. L.: The Permeability of Liver and Muscles 
tor Hexoses and Pentoses, Proc. Soc. Exper. Biol. & Med. 23:124, 1925. 

14. Hoffmeister, F.: Ueber Resorption und Assimilation der Nahrstoffe: V 
Ueber die Assimilationsgrenze der Zuckerarten, Arch. f. exper. Path. u. Pharma- 
kol. 25:240, 1888. 

15. Cori, C. F.: The Rate of Glycogen Formation in the Liver During the 
Absorption of Fructose and Glucose, Proc. Soc. Exper. Biol. & Med. 23:459, 1925. 

6. Blumenthal, F.: | Zur Lehre von der Assimilationsgrenze der Zuckerarten, 
Beitr. z. chem. Physiol. u. Path. 6:329, 1904. 

17. Strauss, A.: Leber und Glykosurie, Berl. klin. Wehnschr. 35:1121, 1898 

18. Voit, C.: Ueber die Glykogenbildung nach Aufnahme verschiedener Zuck- 
erarten, Ztschr. f. Biol. 28:245, 1891. 
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assimilated. Foster ’* found that the ingestion of from 40 to 100 Gm. 
of galactose by normal adults produced a marked hyperglycemia, 
whereas moderate amounts of fructose failed markedly to alter the 
level of the blood sugar. Bodansky *® found that in twenty healthy 
dogs, the tolerance for levulose, as determined by analysis of the blood, 
was better than that for dextrose or galactose. It is probable that 
fructose is converted into dextrose in the liver with such facility that it 
normally never gets beyond that organ. This assumption is based on 
the fact that fructose does not appear in the urine of either normal or 
diabetic persons, even when large quantities of fructose or cane sugar 
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Chart reproduced from article by Foster showing a divergence of the venous 
and arterial curves after ingestion of dextrose and fructose, but practically a 
superimposition of the curves after the ingestion of galactose. 


have been taken. Folin and Berglund?* stated that the limits of 
assimilation for levulose are so high that they can scarcely be exceeded. 
\s a glycogen builder, then, fructose is on a par with dextrose ; galactose 


is such a builder with difficulty. 


Specific Utilization of the Sugar by the Liver —The sugar used must 


he specifically absorbed by the liver, and must not be utilizable, or only 


Metabolism: I. Some Compari- 


19. Foster, G. L.: Studies on Carbohydrate 
Finger Blood, J. Biol 


sons of Blood Sugar Concentrations in Venous Blood and in I 
Chem. 55:291, 1923. 

20. Bodansky, M.: Fructose, Glucose and Galactose Tolerance in Dx 
Biol. Chem. 56:387, 1923 
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to a slight degree, when it reaches the general circulation. Sachs ** and 
Blumenthal *°- furnished experimental evidence showing that levulose 
and galactose are absorbed almost specifically by the liver. Draudt,** 
in animals with Eck fistulas, found an excretion of 79 per cent for 
those fed galactose, as compared with an excretion of from 4 to 10 per 
cent before operation. There is convincing evidence in our own experi- 
ments as well as in those of others of the practical nonutilizability of 
galactose by the tissues after it passes the liver. The accompanying 
chart is reproduced from an article by Foster,’* who first showed that 
the sugar content of blood from the finger-tips is practically identical 
with that of arterial blood. A study of these charts of blood sugar 
curves after the ingestion of 100 Gm. of dextrose, fructose and galactose 
reveals a divergence of the venous and arterial curves in the case of 
dextrose and fructose, but practically a superimposition of the curves 
after the ingestion of galactose. This may be explained on the basis 
that practically no utilization of the galactose occurs during the passage 
through the muscles. The experiments of Mann and Magath ** add 
further convincing evidence ; they found that the hypoglycemic reaction 
produced in their animals after extirpation of the liver could be relieved 
by the injection of certain substances, dextrose, maltose, mannose, 
dextrin and galactose, into the blood stream. When dextrose was 
injected into an animal that was moribund because of the hypoglycemic 
state, recovery was usually complete in from one to four minutes, but 


the beneficial action of galactose was so slight and transient that it could 
scarcely be noted, unless the animal were under the closest observa- 
tion, again indicating that the tissues, without the liver, utilize galactose 
to a very slight degree, if at all. A study of table 2 in our own experi- 


ments with galactose confirms this contention strongly. Table 2 
presents the output of blood sugar and the urinary sugar at one-half, 
one, two and three hour intervals after the ingestion of 40 Gm. of 
galactose, and similar figures for a subsequent day when the patient 
ingested 40 Gm. of galactose and simultaneously was given a hypo- 
dermic injection of 10 units of insulin. Of particular interest is the 
fact that in spite of the markedly lowered curves for blood sugar after 
the injection of insulin, sugar was still excreted in the urine in amounts 
definitely comparable to those excreted when no insulin was used. 


21. Sachs, H.: Ueber die Bedeutung der Leber fiir die Verwerthung der 
verschiedenen Zuckerarten im Organismus, Ztschr. f. klin. Med. 38:87, 1899. 

22. Draudt, L.: Ueber die Verwertung von Laktose und Galaktose nach par- 
tieller Leberausschaltung (Ecksche Fistel), Arch. f. exper. Path. u. Pharmakol 
72:457, 1913. 

23. Mann, F. C., and Magath, T. B.: The Effect of the Administration of 
Glucose in the Condition Following Total Extirpation of the Liver, Arch. Int 
Med. $0:171 (Aug.) 1922. 
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This excretion of galactose occurred in spite of a definite hypoglycemia 
with the attending symptoms of marked sweating, weakness, intense 
hunger, etc. In the case of F. L., for example, in which the amount 
of blood sugar ranged between 57 and 65 mg. for the first and second 
hours, the urinary excretion of galactose was still 772 mg. The same 
result may be noted with the other cases of the group. These observa- 
tions can be interpreted only as an indication that the tissues, even when 
sorely in need of sugar, cannot utilize galactose to any notable degree. 
These observations have some significance from another standpoint. 
Folin and Berglund * expressed the belief that absorption of sugars 


TasLe 2.—Output of Sugar at Intervals After the Ingestion of Galactose and After 
the Ingestion of Galactose Accompanied by the Injection of Insulin 


Galactose, 40 Gm. Galactose, 40 Gm 
Galactose, Plus Insulin, Galactose, Plus Insulin, 
40 Gm. 10 Units 40 Gm. 10 : 


Blood Urine Blood Urine Blood Urine Blood 
Patient Sugar, Sugar, Sugar, Sugar, Patient Sugar, Sugar, Sugar, 
M.S. Mg. A. D. Mg. Mg. 
Fasting : Fasting 0.0 
hour 52. 14 hour 
1 hour 206 618. 2.5 1 hour 
2 hours : 26.0 2 hours 
hours 3 0.0 5 0. 3 hours 


Total 392. 231.3 Total 
Patient Patient 
FP. L. J.D. 


Fasting 0. Fasting 

+g hour 146 5. 85 No spec. 4g hour 319.5 400.0 
1 hour 5. spec. 1 hour 14. 612.7 
2 hours $00.0 772.7 2 hours { 0.0 
} hours l w. 53 204.0 3 hours 7 \ ae 0.0 


Total $80.0 976.7 Total 1,012.7 


* Hypogiyeemic reaction (e. g., marked sweating, intense hunger, weakness). 


by the tissues is the primary method of the body in reducing their 
concentration in the blood. They stated further that normally there 
is neither fructose nor galactose in the tissues, and that within this 
enormous empty reservoir, the galactose disappears as readily as does 
fructose, and more readily than dextrose. Cori, Pucher and Bowen *! 
have shown that insulin increases the intake of sugar by the muscles. 
Trimble,** as well as Thalheimer,”* 


reported experiments indicating that 


24. Cori, C. F.; Pucher, G. W., and Bowen, B. D.: Comparative Study of the 
lood Sugar Concentration in the Arterial and Venous Blood of Diabetic Patients 
During Insulin Action, Proc. Soc. Exper. Biol. & Med. 24:122, 1923. 

23. Trimble, H. C., quoted by Joslin, E. P.: Treatment of Diabetes Mellitus 
hiladelphia, Lea & Febiger, 1928, p. 195. 

26. Thalheimer, quoted by Joslin, E. P.: Treatment of Diabetes Mellitus 
hiladelphia, Lea & Febiger, 1928 p. 195 


Urine 
Sugar, 

Mg. 

0.0 

185.6 

14.4 

0.0 
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the amount of sugar in the blood is invariably higher than that in the 
skin or muscles. If one considers these two last mentioned facts, one 
tinds it impossible to reconcile the figures in table 2 with the statements 
of Folin and Berglund, so far as galactose is concerned. The exclusion 
of the muscles and other body tissues as important utilizers of galactose 
becomes of the highest importance if one is to justify the use of 
galactose for testing the carbohydrate function of the liver. 

To establish further the use of galactose in this capacity, it becomes 


necessary to determine whether the blood or the urine offers the more 


accurate method for ascertaining its use by the liver. At first, one 


Taste 3.—Studies of the Blood and Urine of Four Persons After the Ingestion of 
lorty Grams of Galactose and on a Subsequent Day After 
Forty Grams of Dextrose 


Galactose, 40 Gm. Dextrose, 40 Gm. Galactose, 40 Gm. Dextrose, 40 Gm. 


Blood Urine Blood Urine Blood Urine Blood Urine 

Patient Sugar, Sugar, Sugar, Sugar, Patient Sugar, Sugar, Sugar, Sugar, 
M. M. Meg. Me. Meg. Mg. H. G. Mg. Mg. Meg. Meg. 
Fasting 103 y § i Fasting 2 91 0.0 
1g hour 125 368.‘ 5 i 144 hour 36 142 0.0 
1 hour 176 741. J 1 hour 182 0.0 
2 hours 100 36. 7 J 2 hours 96 Y 68 0.0 
3 hours 91 J i J 3 hours ; 64 0.0 


Total 1,446.8 Total 
Patient Patient 
- M. M. S. 
Fasting 0.0 Fasting 
14 hour 540.0 206 1% hour 
1 hour i 1,590.0 x I 1 hour 
2 hours { 0.0 2 hours 
3 hours 0.0 3 hours 


Total 2,130.0 Total 


would say the blood. However, since there is no accurate method for 
determining small quantities of galactose in the blood, it is obvious 
that estimations of blood sugar would indicate variations in all of the 
reducing substances in the blood, with no indication of which part was 
due to galactose. This fact is probably responsible for the discrepancies 
in the studies with galactose that have been based on blood sugar curves. 

Then could the urinary output of galactose be used as a measure oi 
its utilization? Before this question can be answered, two factors must 
he considered and the’r effects determined: (1) the effect of kidney 
threshold on the excretion of galactose, and (2) the effect of endocrine 
disturbances on the utilization of galactose. 


KIDNEY THRESHOLD AND EXCRETION OF GALACTOSE 
It is obvious that if urinary output is to be taken as a measure oi 
the utilization of galactose, changes in kidney threshold might play an 
important part in the interpretation of the results. Table 3 shows 


| 
990.0 

166 0.0 120 0.0 

192 73.2 192 0.0 

206 618.8 272 0.0 

172 0.0 222 $82.5 

138 0.0 168 133.0 

692.0 1,015.5 


(ALACT OS} 


studies on the blood and urine sugar in four persons examined one day 
after the ingestion of 40 Gm. of galactose and on a subsequent day 
atter the ingestion of 40 Gm. of dextrose. We were fortunate in that 
this group included one case (F. M.) with a high kidney threshold for 
dextrose. Examination of the table indicates, however. that this 
increased threshold did not hold for galactose. The cases of M. M 
and H. G. indicate the differences that exist between the kidney thresholds 
ior these two sugars; that of M. S., a diabetic patient, ill 

apparent lack of relationship of the blood sugar curve af 

tion of galactose to the quantity excreted in the urine: it is of intere 
to compare the sugar curves and the output of urinary sugar in 
other three cases. 

Theoretic states of increased or decreased kidney threshold may 
readily be produced. Thus, experimental nephritis or the injection of 
insulin produces conditions comparable to an increased kidney threshold 
The injection of epinephrine, on the other hand, produces a state fairly 
comparable to a decreased renal threshold. Corley,** after the injection 
of insulin into his animals, has shown a striking rapidity of disap- 
pearance of galactose from the circulation, without. however. affecting 
the amount of galactose lost in the urine. Cori," producin; 
nephritis in animals, involving a complete retention of dextrose, 
unable to notice any effect on the rate at which circulating 
disappeared from the blood. Returning to table 2, one 
study the effect of the injection of insulin on the excretion 
in the human subject. When one considers that after the 
40 Gm. of galactose, the normal person may excrete from none 
in the urine in the subsequent five hour period, and 

excreted may vary, within these limits, 
to day, it is obvious that the ditferences in 


ith and without insulin (table 2) fall within 


1 
i 

ne Ca 


ation. It is also to be noted that in 
put was higher with the injection of in ! 
of the lower blood sugar curve. Here again is st 
i the urinary output of galactose and the blood suga 
The next consideration is the effect 
Table + indicates the observations on blood 
patients after the ingestion of 40 Gm. of gala 


i~ 


Inations on a subsequent dav atte the inge 


ind the subcutaneous injection of 1 cc. of epin 
to note that in the two cases. 


raised the amount of bloo 
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the limits of normal vari- 
D.. the wrinar ott - 
ssed the independence: 
ugar curve. 
tion of epinephrine 
It is intecestine 
CN! sugar little, if at all, above the kidn 
27. Corley, R. C.: The Disposal of Intravenously Administered Galactose 
the Rabbit, J. Biol. Chem. 74:1, 1927 
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threshold for dextrose the urinary output did not exceed that in which 
the galactose alone was given. In the other two instances, in A. D. and 
J. D., the urinary sugar output was considerably higher ; however, after 
fermentation with specially prepared yeast, the readings for the output 
of galactose were less than those for the excretion when epinephrine 
was not injected. J. D., particularly, shows a marked difference before 
and after fermentation. It will be noted that in every instance the 


TasLe 4.—Studies on Sugar in the Blood and Urine After the Ingestion of 
Galactose and After the Ingestion of Galactose and the Sub- 
cutaneous Injection of Epinephrine 


Galactose, 40 Gm. Galactose, 40 Gm. 
Galactose, Plus Epinephrine, Galactose, Plus Epinephrine, 
40 Gm. 1 Ce. 40 Gm. 1 Ce. 
Blood Urine Blood Urine Blood Urine Blood Urine 
Patient Sugar, Sugar, Sugar, Sugar, Patient Sugar, Sugar, Sugar, Sugar, 
A. D. Mg. Meg. Mg. Mg. F. M. Mg. Mg. Mg. Meg. 


Fasting 85 0.0 60 0.0 Fasting 103 0.0 8S 0.0 
14 hour 136 283.6 200 30.0 4% hour 125 368.9 182 692.5 
1 hour 166 954.6 214 662.5 1 hour 176 741.6 192 332.0 
2 hours j 206.2 120 521.0 2 hours 100 336.3 125 40.5 
hours 248.0 8 hours 0.0 107 10.0 
4 hours 202.3 4 hours we 0.0 0.0 


Total sugar . 1,683.8 Total sugar 1,446.8 1,075.0 
Total galactoset... 1,444. 1,260.5 Total galactoset... 1,446.8 1,042.0 


Patient Patient 
J.D. F. L. 


Fasting 100 g 9 0.0 Fasting 0.0 ry 0.0 
1, hour 176 319.f 131.2 1 hour j 75.0 2 119.9 
1 hour 10 A 1,140.0 1 hour i 475.0 r 318.2 
2 hours 26. 2 hours 36 800.0 142.5 
hours 227.6 8 hours 130.0 0.0 
4 hours ee $s 4 hours { 0.0 7 0.0 


Total sugar 33.5 3,124.5 Total sugar 1,480.0 580.6 
Total galactoset... Total galactoset... 1,480.0 


* Hypoglycemic reaction. 
+ After fermentation with yeast specially prepared. 


urinary excretion of galactose is less after the injection of epinephrine 
than before. This may be mere coincidence, and four cases are not 
sufficient as a basis for an opinion, but is it not possible that, through 
the glycolytic action of the epinephrine on the liver, more room is left. 
so to speak, for a more complete utilization of the galactose by the liver? 
\ phenomenon of interest occurred in J. D. after the injection of 
epinephrine ; between the third and fourth hours, the patient showed 
detinite symptoms of a hypoglycemic reaction, and the readings for 
blood sugar at the fourth hour indicate the reason for this. Such « 
reaction must be kept in mind when epinephrine is administered. 
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On the evidence presented, we believe that there is no kidney 
threshold for galactose. This opinion is shared by Rowe and 
Chandler,’ 
sugar after very small doses of galactose in the experiments of Folin 


and finds confirmation in the observation of excretion of 


and Berglund.* Regarding fructose, the last-named authors concluded 
that it has a renal threshold comparable to that of dextrose. Bodansky 


reached a similar conclusion with experiments on animals, and Spence 


and Brett,?* after a clinical study, discarded fructosuria as a measure of 
hepatic function because of the renal threshold involved. 


THE GLANDS OF INTERNAL SECRETION AND THE METABOLISM 
OF GALACTOSE 

The objections, on theoretical grounds, raised by Bloomfield and 
ilurwitz *° to the utilization of carbohydrates in work on the function 
of the liver can be readily offset. These authors claim that hypophyseal, 
thyroid, pancreatic, suprarenal and neurogenic conditions may effect the 
metabolism of the sugars. The effect of insulin on the utilization and 
excretion of galactose has been indicated in table 2. As to the action 
of the other glands of internal secretion on the metabolism of galactose 
we quote from Solis-Cohen and Githen’s textbook on pharmacothera- 
peutics, “Adrenalin produces a hyperglycemia which is due to the 
mobilization of glycogen, the store of which is diminished, and also, in 
part, to increased formation of glucose from proteins. Thyroid 
increases the response of the system to adrenalin, while thyroid secretion 
is decreased under the influence of pituitrin administration.” 

It is evident from these facts that the effect of the glands of internal 
secretion on the metabolism of carbohydrate, insulin excepted, is 
dependent, directly or indirectly, on the suprarenals. Having shown 
the absence of any important effect of epinephrine on galactose excre- 
tion (table 4), one may disregard the relationship of endocrine dis- 
turbances in utilizing galactose in studies on the function of the liver. 
\nalyzing Rowe and Chandler's ** forty-four cases in which studies 
with galactose were performed on a few normal persons and on a variety 
of persons with endocrine disturbances, we find that in only one case 
did the urinary excretion reach 3 Gm. These authors did not state 
whether they attempted to differentiate between dextrose and galactose 
in this case. 

28. Rowe, A. W., and Chandler, J.: Metabolism 
‘urves, Endocrinology 8:803, 1924. 

29. Spence, J. C., and Brett, P.C.: Th. 
nsufficiency, Lancet 2:1362, 1921. 

30. Bloomfield, A. L., and Hurwitz, S. H.: T 

linical Use of the Carbohydrates, Bull. Johns Hopkin 
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SUMMARY 

Briefly, we may state that in galactose we believe we have demon- 
strated a sugar that is suitable for the testing of the function of the 
liver. This conclusion is based on the aforementioned studies on the 
metabolism of galactose. To recapitulate: 

1. It is obtainable in pure form. 

2. It is readily absorbed from the digestive tract. 

3. It is converted into glycogen by the liver with some difficulty as 
compared to other sugars (dextrose and fructose). 


+. It is practically not utilizable by any other tissues than the liver. 


5. After it reaches the general circulation, it is excreted in the urine 
regardless of either the state of the renal excretory mechanism or the 
activity of the endocrine glands. 


CUTANEOUS REACTIONS TO HISTAMINE 


REACTIONS IN OCCLUSIVE AND SPASTIC VASCULAR DISEAS! 
AND IN CHRONIC INFECTIOUS ARTHRITIS * 


JOHN M. CALDWELL, Jr. M.D. 
Fellow in Medicine, the Mayo Foundation 
AND 
JOSEPH G. MAYO, M.D 
Fellow in Surgery, the Mayo Foundation 


ROCHESTER, MINN. 


The characteristic cutaneous reaction to histamine was described by 
E-ppinger * and by Sollmann and Pilcher.*- A small area of the skin is 
cleansed with alcohol and is allowed to dry. A drop of 1-: 1,000 solution 
of histamine acid phosphate is placed thereon and is introduced intra- 
dermally by pricking with a fine needle. The excess histamine is gently 
wiped away with a piece of gauze. The reaction is characterized by 
a triple response, namely: (1) a reddish-purple spot due to local 
capillary dilatation; (2) a local wheal, due to transudation of serum 
from the capillaries by reason of increased permeability, and (3) a flare 
due to dilatation of the arterioles by the reflex of a local axon. 

Dale and Richards * showed that the presence of small amounts of 
epinephrine and oxygen are necessary for the characteristic action of 
histamine to take place. Krogh* expressed the belief that unknown 
factors may vary the formation of the wheals. Alexander and his 
co-workers ° showed that formation of wheals is greater over the trunk 
than over the extremities and that there is a substance present in th: 
skin which augments the usual action of histamine; he suggested that 
the difference in the size of wheals over the trunk and over the extremi- 
ties may be due to the presence of different amounts of this substance. 


* Submitted for publication, Aug. 13, 1930. 
*From the Division of Medicine, the Mayo Clinic. 


1. Eppinger, H., quoted by Lewis: Blood Vessels of the Human Skin 
Their Responses, London, Shaw & Sons, 1927. 
2. Sollmann, Torald, and Pilcher, J. D.: Endermic Reactions, J. Pharm 
& Exper. Therap. 9:309 (March) 1917. 
3. Dale, H. H., and Richards, A. N.: The Vasodilator Action of Histamit ; 
and of Some Other Substances, J. Physiol. 52:110 (July) 1918. | 
4. Krogh, A.: The Anatomy and Physiology of Capillaries, New Haven, | 
Yale University Press, 1929, p. 208. 
5. Alexander, H. L.; Harter, J. O., and McConnell, F. S.: Observations 
the Formation of Wheals: II. Comparison of Wheals Induced by Allergens and 
by Histamine, Proc. Soc. Exper. Biol. & Med. 27:484 (March) 1920. Alexander, 
H. L.; Weaver, W. K., and McConnell, F. S.: III. The Participation « 
Unidentified Tissue Substance, ibid., p. 486. 
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Lewis ° described in detail the cutaneous reaction to histamine and the 
conditions under which it may vary. The reaction may be reduced by 
local injury, by the application of extreme heat or cold, by the local 
injection of epinephrine or solution of pituitary and over the sites of 
telangiectasis or nevi. Lewis described a diminished reaction when the 
blood supply is deficient. Starr’ made clinical application of the 
cutaneous reaction to histamine and showed that the response is reduced, 
delayed or incomplete in occlusive vascular disease. 


NORMAL. 


DELAYED. 


Extent of cutaneous reactions to histamine. 


In this study, normal persons, patients with thrombo-angiitis 
obliterans and arteriosclerosis who gave clinical evidence of impairment 
of circulation in the extremities and patients with Raynaud’s disease, 
scleroderma and chronic arthritis were tested. The cutaneous reaction 


6. Lewis, Thomas: Vascular Reactions of the Skin to Injury; Irresponsive 
Condition of Vessels with Special Reference to the Pathology of Telangiectases 
and Allied Conditions, Heart 13:153 (Sept.) 1926; Blood Vessels of the Human 
Skin and Their Responses, London, Shaw & Sons, 1927, pp. 70 and 242. Lewis, 
Thomas; Grant, R. T., and Marvin, H. M.: Vascular Reactions of the Skin to 
Injury; Intervention of a Chemical Stimulus Illustrated Especially by Flare 
Response to Faradism, Heart 14:139 (Dec.) 1927. 

7. Starr, I., Jr.: Changes in the Reaction of the Skin to Histamine as Evi- 
dence of Deficient Circulation in the Lower Extremities, J. A. M. A. 90:2092 
(June 30) 1928. 


2} Min. 5 Min. IO Min. 
! 


CALDWELL-MAYO—REACTIONS TO HISTAMINE 405 


to histamine was determined arbitrarily over the wrists and ankles and 
sometimes over the knees. The wheals and flares were sketched at 
intervals of two and a half, five and ten minutes. In general, the wheals 
and flares were fully developed at the end of two and a half minutes, 
and delay beyond this time was classified as delayed reaction and was 
considered evidence of decreased circulation. Two types of abnormal 
reaction were noted: (1) simple delay in the full development of the 
wheal and flare, and (2) delay associated with reduced or incomplete 
wheal and flare; this occurred in cases in which there was greater 
deficiency in circulation, as shown in the accompanying illustration. 

Ten normal persons were employed as controls. Some of these 
persons had cold extremities objectively, and others had warm extremi- 
ties. In all, the wheals and flares were fully developed at the end of 
two and a half minutes. Since the intensity of the flare varied from 
1 to 3 when graded on a basis of 1 to 4, and since there was likewise 
slight variation in the size of the wheal, it was felt that the time of 
appearance of the wheal and flare was of more significance than the 
size of the wheal and the intensity of the flare. Hence, the reaction 
was not interpreted to mean deficiency in circulation, unless there was 
delay beyond two and a half minutes in the full development of the 
wheal and flare. 

In each of nine cases of occlusive vascular disease of the extremities, 


comprising instances of thrombo-angiitis obliterans and arteriosclerosis, 


the cutaneous reaction to histamine was markedly delayed and reduced, 
and the greater the impairment of circulation the more the reaction was 
reduced. These results confirm those of Starr, who reported similar 
phenomena. De Takats and his coworkers * 
that delayed, reduced and incomplete reactions of the skin to histamine 


also expressed the belief 


are of value in determining the decreased arterial flow. 

In the group of spastic vascular disorders there were three cases of 
scleroderma, one of Raynaud’s disease and one of a vasomotor neurosis 
of the Raynaud type. In all, the cutaneous reaction to histamine was 
delayed and reduced. Then resection of sympathetic ganglions and 
trunks was done in three of the five cases to release the spastic blood 
vessels. The indications for this operation and the results have been 
considered by Adson and Brown ® and by Adson and Rowntree.'? In 
8. De Takats, G.; Quint, H.; Tillotson, B. I., and Crittenden, P. J.: 
Impairment of Circulation in the Varicose Extremity, Arch. Surg. 18:671 
1929, 

9. Adson, A. W., and Brown, G. E.: Thoracic and Lumbar Sympathetic 
Ganglionectomy in Peripheral Vascular Diseases: Therapeutic Value, J. A. M. A. 
94:250 (Jan. 25) 1930. 

10. Adson, A. W., and Rowntree, L. G.: Surgical Indications for Sympathetic 
Ganglionectomy and Trunk Resection in the Treatment of Chronic Arthritis, Surg. 


Gynec, Obst. 50:204 (Jan.) 1930. 
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one case of scleroderma slight improvement in the reaction, that is, less 
delay, was noted following resection of the cervicothoracic and lumbar 
sympathetic ganglions and trunks, and this was taken to indicate an 
increased blood supply to the skin. The second case of scleroderma 
was associated with Raynaud's disease. At the time of observation, 
resection of the cervicothoracic and lumbar ganglions and trunks had 
been done, the former, four months previously and the latter, twelve 
days previously. There had been marked subjective and objective 
improvement, although some evidence of scleroderma remained, espe- 
cially over the hands. There was a slight delay in the formation of the 
wheal and flare over the wrists. Over the ankles the wheal developed 
as ina normal person, but the flare was markedly delayed. In the third 
case of scleroderma, the reaction was markedly reduced and delayed. 
Operation was not done. In the case of Raynaud’s disease, the same 
reaction as that of a normal person was obtained seven days after resec- 
tion of the ganglions and trunks. The operation was not done in the 
case of vasomotor neurosis of the Raynaud type. Thus, in each of the 
cases of spastic vascular disease in which operation was done less delay 
or no delay in the cutaneous reaction to histamine was noted coincident 
with an increased supply of blood. 

The test was used in twenty-seven cases of chronic infectious 
arthritis. The duration of the disease varied from six months to twelve 
vears. The degree of involvement of the joints varied from that of the 
early stages to gross deformities ; some subjects had cold extremities, and 
others had warm extremities. There was no correlation between the 
temperature of the extremities, the stage of the disease and the degree 
of formation of the wheals. Fifteen patients did not undergo resection 
of the ganglions and trunks. Of these fifteen cases the flare was slightly 
delayed in two, whereas the wheal developed within the usual time. 
In four other cases, the reaction as a whole was delayed over the ankles. 
In two of these four, the reactions seen in normal persons were present 
over the wrists and knees, even though the arthritis affected the wrists 
and knees to a greater degree. Twelve patients were operated on; of 
these, eight were tested after operation only. In all, full development 
of the wheal took place within the usual limits of time. In three of 
four cases observed both before and after operation, there was an 
abnormal reaction. In one case, there was a delay in the reaction as 
a whole, and the reaction improved slightly after resection of the lumbar 
sympathetic ganglions and trunks. In the second case there was only 


a slight delay in the flare, and a normal wheal and flare were obtained 
postoperatively. In the third case, reaction was delayed, and, since the 
diagnosis was chronic infectious arthritis of the vasospastic type, the 
condition probably should be classed with the vasospastic diseases asso- 
ciated with arthritis. .(fter resection of the svmpathetic ganglions and 
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trunks, the skin reacted normally to histamine. Aiter operation 

was delayed or absent in six of the twelve cases. In four cases in which 
a postoperative flare was obtained within the time required by normal 
persons, the test was not repeated after the seventh day. In one case 
a flare of the type seen in normal persons was obtained on the thirteenth 
day, in one on the sixtieth day and in one on the one hundred and fiftieth 
day. According to Lewis, the flare is lost about the sixth day after 
section of the cutaneous nerves, but it may persist for a week or more 
In this small series, the flare had usually disappeared by the seventh 
postoperative day, but it was persistent in a few instances, lasting even 
to the one hundred and fiftieth day. 


‘ 
SUMMARY AND CONCLUSIONS 


1. The cutaneous reaction to histamine, especially the time which 
elapses between administration of the drug and the formation of wheals, 
is of value in determining whether or not the blood supply to the skin 
ot the extremities is reduced. 

2. The reaction is delayed and reduced in occlusive vascular disease. 

3. The reaction is delayed and reduced in the spastic phase of Ray- 
naud’s disease and in scleroderma. 

4. Improvement is noted in the reaction coincident with an increased 
supply of blood after resection of the sympathetic ganglions and trunks 
in Raynaud’s disease and scleroderma. 

5. The reaction is occasionally reduced in chronic infectious arthritis, 
and the degree of the involvement of the joints or the temperature of 
the extremity appears to have no effect on the time of formation of 
the wheals. 

6. When the formation of wheals preoperatively resembled that 
seen in normal persons, no change was noted in the time or size of for- 
mation of the wheals following resection of the sympathetic ganglions 
and trunks in chronic infectious arthritis. In the instances in which 
formation of the wheal was delayed preoperatively, there was improve- 
ment following resection of the sympathetic ganglions and trunks. 

7. The flare usually is absent or reduced by the seventh day after 
resection of the sympathetic ganglions and trunks, but the usual flar 
may be persistent and may be present at least to the one hundred 
fiftieth day. 
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GRANULOCYTOPENIA AND AGRANULOCYTIC ANGINA 
WITH RECOVERY 


REPORT OF EIGHT CASES WITH FOUR RECOVERIES * 


HENRY N. 


HARKINS, Px.D. 
CHICAGO 


The syndrome described by Werner Schultz? in 1922 and previously 
mentioned by Turk? in 1907 has been reported frequently in the last 
three years. In 1927, Kastlin* found forty-three cases in the literature. 
From June, 1927, to March, 1930, more than ninety cases were reported. 
The original syndrome decribed by Schultz as agranulocytosis and later 
named agranulocytic angina by Friedemann included an acute onset, 
usually in a woman, with a course marked by ulceration of the mouth or 
throat, leukopenia characterized by a considerable decrease or absence 
of granular cells and a normal red cell and platelet count, with death as 
the result. Some of the cases reported since do not coincide in all 
particulars with the syndrome originally described, since some occurred 
in males; in some there was involvement of the throat, and in some 


there were hemorrhagic tendencies ; in some cases, the patients recovered. 
In this article the terms agranulocytosis and agranulocytic angina are 
used interchangeably for the Schultz syndrome specifically, and the gen- 
eral term granulocytopenia is used to include atypical and related cases. 

Eight cases of granulocytopenia are presented, four of which seem to 
be agranulocytic angina. These cases are interesting because in several 
studies of the blood were made before the onset of the major illness, and 
because four of the eight patients recovered. 

Lauter * was the first to report a recovery. Four authors, including 
Moore and Wieder,® Friedemann,® McAlpin* and Hutcheson,* reported 


* Submitted for publication, Aug. 18, 1930. 

*From the Wilber E. Post Service of the Presbyterian Hospital. 
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iustances of recovery from the first attack and a fatal second attack. 
ihe patients were of both sexes; the interval between the attacks varied 
trom three months to two years, and in the interval the polymorpho- 
nuclear neutrophilic leukocytes rose to 60 per cent and the white cells to 
16,000. Windham * reported recovery of a man, aged 34, Hutcheson * 
of a woman, aged 66, Schultz *° of a woman, aged 30, Ordway and 
Gorham * of a woman, aged 46, and Blanton ?* of a man, aged 60, who 
was given 50 cc. of leukocytic extract a day. Von Horvath,” 
Stockinger,’* Wyatt,?® Finnigan and von Domarus ** reported recov- 
eries. Mouquin and Fleury,’* Rosler ** and Spengler * each reported 
two recoveries. Zikowsky ** reported two cases in which recoveries were 
obtained with polyvalent streptococcus antitoxin. Friedemann * reported 
four recoveries following roentgenotherapy, and Call, Gray and Hodges * 
reported the recovery of a woman, aged 27, as a result of roentgen 
therapy. One of Thompson’s * seven cases is probably a true agranulo- 
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cytosis in which recovery occurred. Zadek ** and Kohn *° each reported 
a recovery in cases in which the diagnosis was uncertain; in one case the 
polymorphonuclears remained above 22 per cent and in the other 74 
per cent of monocytes was present. At least twenty-four recoveries 


liave been reported in the literature. 


In at least three cases the disease developed while the patients were 
in a hospital for some other disease, including unexplained jaundice, 
tuberculous arthritis and fracture of the tibia in the cases of Ehrmann 
and Preuss,*° Bantz** and Hunter,?* respectively. In all of these 
patients the blood count and differential count were normal on entrance. 
Dwyer and Helwig ** reported the case of a boy, aged 6, in whom a blood 
count showed white cells, 5,700; polymorphonuclears, 29 per cent, and 
lymphocytes, 65 per cent, seven weeks before the development of ulcers 
in the mouth. Talley and Griffith °° reported the case of a patient whose 
blood count showed: 7,000 white cells, 31 per cent polymorphonuclears 
and 69 per cent lymphocytes one month before the onset of the disease. 
One of Hutcheson’s* patients had an enlarged spleen and granulo- 
cvtopenia five days before the onset of fever. Ashworth and Maphis * 
reported a white cell count of 3,500 six weeks before the onset of a fatal 
attack. One of Potts’ ** patients, a hospital technician, had several blood 
counts made before her fatal illness: fifteen months before the onset 
examination of the blood showed: white cells, 6,000, lymphocytes, 70 
per cent; eleven months before, the blood count showed: white cells, 
8,000, lymphocytes, 60 per cent; five months before, white cells, 12,000, 
lymphocytes 70 per cent. Another of Potts’ patients also showed a 
relative increase in lymphocytes before the fatal illness. At least six 
cases in which the blood was abnormal before the onset of the fatal 
illness have been reported in the literature. 
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REPORT OF CASES 


1 


Case 1.—Dr. G. S., a man, aged 33, single, was admitted to the Presbyterian 
Hospital on Aug. 11, 1925, with a severe sore throat of three weeks’ duration 
The past history included a tonsillectomy in 1920. At that time Streptococcus 
viridans had been found in an abscess in one tonsil; the red cells numbered 
4,200,000, and the white cells, 11,500. No differential count was made. On July 
18, 1925, he had been treated for an ethmoid infection with cocainization and 
suction. He went on a motor trip, and a week later had a sore throat and a 
temperature of 103 F., and was given 5,000 units of diphtheria antitoxin even 
though cultures were negative for Klebs-Loffler’s bacilli. A smear contained 
many fusiform bacilli, but no spirochetes, and he was given two doses of neo- 
arsphenamine and one of arsphenamine. After five days in bed, he returned to 
work for a week. 

Physical Examination—The patient seemed acutely ill and spoke with diffi- 
culty. There was no jaundice, and there were no petechiae. The nasopharynx 
was inflamed and covered with a thick whitish discharge. The anterior and 
posterior tonsillar pillars were swollen, and the whole neck was involved in a 
woody swelling that extended from the mandible to the sternum. There was 
tenderness and redness, but no localized fluctuation. The pupils, ears, nose, chest 
and abdomen were normal. The temperature was 101.4 F.; the pulse rate, 110; 
the respiratory rate, 22, and the blood pressure, 105 systolic and 48 diastolic. 

Laboratory Studies——The urine was normal, except for a trace of albumin. A 
culture of the blood was sterile. Smears from the throat contained gram-positive 
diplococci and occasional spirochetes and fusiform bacilli. The blood count 
showed: red cells, 5,380,000; hemoglobin, 82 per cent, and white cells, 3,000, 
2,800, 1,800, 600, 350 and 250 on successive days. A smear contained 51 per cent 
polymorphonuclears, 36 per cent lymphocytes, 8 per cent basket cells and 5 per 
cent myelocytes. 

Course-—The temperature rose about I F. each day, and on August 16, five 
days after entrance, the patient died. At that time he was delirious and cyanotic. 
There were no rales, but the breath sounds were abnormal, and the temperature 
was 105.6 F.; the pulse rate, 146, and the respiratory rate, 26. Treatment included 
two transfusions of 400 cc. each of whole blood and 20 ce. of Dick streptococcus 


antitoxin injected intramuscularly. 

Postmortem Observations.—The anatomic diagnosis was: ulcerative stomatitis 
and pharyngitis; suppurating phlegmon of the neck; extensive bilateral broncho- 
pneumonia; bilateral fibrinous pleuritis; acute general passive hyperemia; cloud) 
swelling of the kidneys, liver and pancreas; acute hyperplasia of the spleen; slight 
generalized jaundice; acute emaciation, and fibrous adhesions between the gall- 
bladder and the transverse mesocolon. There were practically no polymorphonu- 
clears in the pneumonic portions of the lungs. In the bone-marrow there were 
many red cells, no polymorphonuclears, many lymphocytes, a normal number 
megakaryocytes, a few myelocytes and some eosinophils. The intestinal tract was 
intact below the pharynx. 


Case 2.—G. K., a man, aged 39, married, with three healthy children, a laborer 
in a gasoline refinery, was admitted to the Presbyterian Hospital on Aug. 12 
1926, with a sore jaw of two weeks’ duration. He was born in Czechoslovakia, 
and had been living in the United States for eight years. The past history was 
unimportant, except for a possible attack of tertian malaria in 1918, and influen 
that made him ill for four months in 1920. The present illness began two weel 
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before admission to the hospital, following the extraction of a left lower molar 


tooth. Swelling of the left side of the face, chills once or twice a day, sever: 
headache, pain on mastication and soreness of the jaw developed within a few 
days. 

Physical Examination—The patient appeared acutely ill and exhausted, and 
there were reddish papules on the chest suggestive of petechiae. There was an 
abscess behind the left ear that was later drained and Staphylococcus aureus- 
hemolyticus obtained. There was an offensive odor to the breath like that of 
decayed meat. In the mouth were numerous grayish-white areas about the gums 
and on the hard palate. There were marked pyorrhea, the pus exuding from a 
ragged wound in the lower jaw, enlargement and tenderness of the cervical lymph 
nodes and palpable but not greatly enlarged axillary, right epitrochlear and 
inguinal lymph nodes. The chest was normal, the abdomen soft and the spleen 
not palpable; the temperature was 103 F., the pulse rate, 84, the respiratory rate, 
20 and the blood pressure, 110 systolic and 70 diastolic. 

Laboratory Studies—The urine was normal, and the Wassermann reaction 
was negative. In smears taken from the mouth many Spiril/la and fusiform 
bacilli were found. Cultures contained Streptococcus viridans, gram-negative 
and gram-positive cocci and gram-negative bacilli. Two cultures of the blood 
and inoculations of the natient’s blood into animals gave negative results. On 
admission, examination of the blood showed: 4,400,000 red cells, 4,200 white cells, 
5 per cent polymorphonuclears, 35 per cent lymphocytes and 60 per cent monocytes. 
Four days later, there were 2,400 white cells and 100 per cent lymphocytes. Sub- 
sequently, by August 22, the white cells had fallen steadily to 840, and a long 
search of a stained smear failed to reveal a single polymorphonuclear cell. 

Course.—The temperature fluctuated between 101 and 105 F. during the seven- 
teen days that the patient was ‘in the hospital. A slight jaundice of the skin 
appeared on August 23. No hemorrhagic tendencies were noted. On August 29, 
the temperature rose to 198 F. (rectal), the pulse rate to 124 and the respiratory 
rate to 38; there were rales in the chest, and the patient died. Treatment included 
gargles of peroxide, mouth washes and two intravenous injections of neoarsphen- 
amine. A diagnosis of agranulocytic angina was made. 

Postmortem Observations—The anatomic diagnosis was acute ulcerative phar- 
yngitis, colitis and ileitis; hyperplasia of the upper anterior cervical lymph 
glands; embolic abscesses of the lungs; gangrene of the lower lobe of the leit 
lung; bilateral serofibrinous pleuritis; marked hyperemia of the lungs; acute 
emaciation, and fibrous perisplenitis. No polymorphonuclears were present in the 
ulcers, but there were a few in a thrombus in one of the arterioles of the intes- 
tinal wall. The bone-marrow contained few cells, among which were red cells, 
megakaryocytes, normoblasts and lymphocytes; there were no polymorphonuclears 


Case 3.—L. H., a girl, aged 2, entered the Presbyterian Hospital on June 11, 
1929, with a sore throat, inanition, lassitude and fever of one week’s duration. 
The patient had had whooping cough before the age of 1 year, and she had been 
slightly pale for five weeks before the onset of the present illness. During th: 
week before entering the hospital, the maximum daily temperature varied from 
101 to 104.6 F. (rectal). 


Physical Examination.—The patient was feverish, pale and fretful. The chest, 
abdomen, eyes, nose and ears were normal. The pharynx was red, and thi 
tonsils were enlarged and covered with a grayish exudate. The cervical lymph 
nodes were enlarged and tender, but there was no marked enlargement of th: 
glands in the axilla or groin. 


a 
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Laboratory Studies—The urine contained a trace of albumin and many pus 
ells. The stools were normal, and the Wassermann and Kahn tests gave negative 
results. The coagulation time was nine minutes; the platelet count was 90,000; 
the van den Bergh test gave an immediate direct reaction; the icteric index was 
70.9, and a fragility test did not show complete hemolysis in any tube from 0.50 
to 0.24 per cent of sodium chloride. In the control, hemolysis started at 0.42 
per cent and was complete at 0.32 per cent. The red cells varied from 890,000 
to 2,600,000, and the hemoglobin from 24 to 45 per cent; the white cells numbered 
3,600, 1,800, 1,800, 1,600, 1,500, 850, 1,200, 1,200 2,100, 1,900, 7,200, 11,500 and 
9,200 on different days. On June 12, there were 8 per cent polymorphonuclears 
(young forms), 88 per cent lymphocytes and 4 per cent monocytes. On July 6, 
there were 43 per cent polymorphonuclears, 47 per cent lymphocytes, 4 per cent 
monocytes and 6 per cent unclassified cells. 


Course.—The patient received three intraperitoneal transfusions of 400 cc. of 
whole blood, and afterward became jaundiced. Treatment also included the 
administration of epinephrine intramuscularly and 20 cc. of Squibb’s leukocytic 
extract intramuscularly every four hours for eight days. The temperature 
remained between 102 and 105 F. constantly for twelve days and gradually 
dropped to normal in the next four days. The patient was discharged in good 
condition on July 6. 


Subsequent Course —For eight weeks the patient was well, then for four weeks 
she had a rise in temperature to 103 or 104 F. almost every day. She reentered 
the hospital on October 30, with swollen glands of the neck, a soft systolic mur- 
mur over the precordium and pain and tenderness over the right tibia. Drill holes 
were made in the tibia, and it is not certain whether pus came out, but cultures 
were sterile. The temperature fluctuated between 99.4 and 106.6 F. A tentative 
clinical diagnosis of osteomyelitis and septicemia was confirmed by doubtful roent- 
gen observations. The red cells and hemoglobin were as before, and the white 
cells varied from 11,500 to 24,000. Smears showed 2 per cent polymorphonuclears 
and 98 per cent lymphocytes (many immature). Death occurred on November 6. 
Autopsy was not performed. 


Case 4.—B. B., a business man, aged 64, married, was admitted to the Presby- 
terian Hospital on June 25, 1929, with a swollen, painful jaw. In 1909, both 
arms and both legs were broken. He had not been feeling well for several 
months, and had been receiving arsenic for anemia. One week before entrance 
he had had an abscessed tooth removed. His jaw swelled the next day, and he 
had a temperature of from 102 to 103 F. 


Physical Examination—There were no abnormalities, except in the mouth. 
There was no jaundice. There were two gangrenous patches on the gums and 
some edema of the appositioned cheek. The temperature was 103.6 F., the pulse 
rate, 112, the respiratory rate, 24 and the blood pressure, 131 systolic and 72 
diastolic. 

Laboratory Studies—The urine was normal, except for a trace of albumin 
Spirochetes and fusiform bacilli were found in the gums. Material from an 
incision of the face over the jaw contained Streptococcus viridans, fusiform bacilli 
and spirochetes. Examination of the blood showed: hemoglobin, 62 per cent: 
red cells, 3,400,000; white cells, 1,400 on entrance, 1,300, 1,150, 950, 850, 900 and 
3,000 on successive days, 5,400 on July 4 and 5,200 on July 18. On July 1, with 
3,000 white cells, there were 11 per cent polymorphonuclears, 58 per cent lympho- 
cytes, 13 per cent monocytes, 16 per cent young polymorphonuclears and 2 per 
ent eosinophils. 
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Course.—The temperature ranged from 101 to 105 F. for eight days, and then 
suddenly became normal after a perineal abscess was opened. Tissue from this 
hscess contained round cells, but no polymorphonuclears. A thrombophlebitis 
f the right leg later developed. No hemorrhagic tendencies were noted. The 
patient was discharged in good condition on July 24, and a diagnosis of gangrene 
ind subperiosteal abscess of the lower jaw, agranulocytic angina, rectal abscess 
ind thrombophlebitis was made. Treatment included a transfusion of 500 cc. 
f whole blood on June 27, and a mouth wash of 50 per cent hydrogen dioxide. 
Che patient has been observed at intervals since leaving the hospital, and on 
July 1, 1930, the hemoglobin was 78 per cent, the red cells numbered more than 
3,000,000, the white cells numbered 4,700, the differential count was normal, and 
the patient’s general condition was excellent. 

Case 5.—L. P., a woman, aged 37, unmarried, a school teacher, entered the 
Presbyterian Hospital on Oct. 26, 1929, with diarrhea, nausea, chills and fever, 
headache and soreness of the tongue of two days’ duration. She had been in the 
hospital two months before with a condition diagnosed as spinal arthritis and 
secondary anemia. At that time examination of the blood showed: red cells, 
4,300,000: white cells, 6,100; the differential count was normal, with 65 per cent 
polymorphonuclears. 

Physical Examination—There was no jaundice and no petechiae, and the 
eXamination was essentially negative except for a soft systolic murmur and 
inflamed tonsils. 

Laboratory Studies—The urine, stools, results of cystoscopy and roentgen 
studies of the chest, colon and gallbladder were normal. An agglutination test 
tor B. melitensis gave negative results. The red cells numbered 5,200,000, and 
on October 28, the differential count was normal, with 60 per cent polymorphonu- 
clears. The white cells numbered 6,150 on October 26, 7,850 on November 3, 
8,950 on November 10 at 4 p. m. and 1,375 at 9 p. m., and 675 on November 13. 

Course-—The patient had no more chills and only an occasional rise in tem- 
perature to 99.5 F. during the first sixteen days in the hospital. On November 
10, the tonsils became very sore, and the temperature rose to 103.6 F. in twelve 
hours and remained elevated until death occurred on November 15. No smears 
were made after the fall in white cells. A diagnosis of acute follicular tonsillitis 
and lobar pneumonia was made. Autopsy was not performed. 


Case 6.—M. R., a man, aged 20, single, a machinist in a brassworks, who 
was born in Italy, was admitted to the Presbyterian Hospital on June 14, 1930, 
with weakness and pallor of some months’ duration; the condition had been 
worse for two weeks, and sore throat, headaches and dysphagia had been present 

five days. Three days before admission a right peritonsillar abscess was 

‘ised by an outside physician. <A thick yellowish discharge and profuse bleeding 
hat lasted for ten hours resulted. 

-hysical Examination—There was pallor, but no jaundice or petechiae. 
was much swelling of the right side of the pharynx, with a dirty gray, tenz 
membrane, surrounded by a black border on the right tonsil. The breath smelled 


like decayed meat. There were coarse rales at the bases of 1 lungs; they 


soon disappeared. The heart and abdomen were normal. 
103.6 F.; the pulse rate, 120, and the respiratory rate, 20. 


and stools were normal. The Wassermann 
gave negative results. There were Spirilia and fusiform bacilli in 


om the raw area. The clotting time was one minute, the bleeding time 
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seventeen minutes and the platelet count, 63,000. Twenty-six blood 
made, the red cells varying from 980,000 to 4,100,000, and the hem 
24 to 62 per cent. Four times the white cells were below 1,000, bei 
June 21, 24 and 25, and 940 on June 26. On June 21 and 24, ¢ 
per cent lymphocytes, and long search of a stained smear failed to reveal a sing 
polymorphonuclear cell. The highest point reached by the polymorphonuclea: 
count was 31 per cent, on July 21. The last count, made on July 25, showed 
hemoglobin, 46 per cent; red cells, 2,540,000; white cells, 4,250; polymorphonu 
clears, 20 per cent, and lymphocytes, 80 per cent. 

Course——The temperature followed a septic course, rising to 105 F. 
first week and to 102 or 103 F. at least once a week thereafter. After one of 
blood transfusions, small petechial hemorrhages appeared on the chest, 
shoulders, arms and legs. Nosebleeds occurred several times, and the edges of 
the incisions made to expose the veins for transfusion healed with difficu 
thrombophlebitis followed one of these incisions on the dorsum of the right foot 
The treatment included ten transfusions of blood of 500 cc. each, six 


of liver extract no. 343 a day, mass of ferrous carbonate, 10 


once thx 


washer 


per cent neoars 
phenamine in glycerin locally and sedatives. When last seen, the patient was 
still in the hospital and was to leave when the thrombophlebitis was better. His 
general condition was better, and his throat had practically healed. A diagnosis 
of agranulocytic angina was made. 


Case 7—M. H., a woman, aged 23, single, a nurse, entered the Presbyterian 
Hospital on June 17, 1939, with the complaint of fever, sore throat. nausea and 
vomiting of two days’ duration. A tonsillectomy and thyroidectomy had been 
performed in 1923. The patient was in the hospital in 1928, with colitis and 
malnutrition; at that time, examination of the blood showed: hemoglobin, 74 
per cent; red cells, 3,870,000, and white cells, 6,500: no differential 


1 


count was 


made. The onset of the present illness was sudden, being accompanied by a chill. 


Physical Examination.—The patient was weak and exhausted. The throat was 
red and swollen. There was a whitish membrane in the right tonsillar fossa and 
about the right tonsillar pillar. The cervical lymph glands were swollen and 
tender. The eyes, ears, chest and abdomen were normal, and the spleen was 
not palpable. The temperature was 101.4 F., the pulse rate 100, the respiratory 
rate, 20 and the blood pressure, 102 systolic and 64 diastolic. 


wise normal. Chemical analysis of the stools and bloo including urea, uri 
acid, creatinine, total nonprotein nitrogen, sugar and 
results. Smears from the throat revealed no spirochetes or fusiform. bacilli 
Wassermann and Kahn tests gave negative results. Careful hematologic studies 
were made by Dr. P. H. Herron. A platelet count and the bleeding time wer 
normal. On the day of admission, the average of seven white counts was 1 
ted cells, 4,300,000; hemoglobin, 86 per cent (Newcomber), and the 

count showed: 1 per cent polymorphonuclears, 96 per cent lymphocytes 

per cent lymphoblasts. 


chlorides) gave normal 


ite cell 


Course.—During the patient's stay in the hospital, thirty-eight whit Il 
were made; four of which gave a figure below 1,000, the lowest being 725 
June 18. The next day 500 cc. of whole blood was given by direct transfusi 
In four days the white cells numbered 9,480 (the highest point reached 
membrane in the throat disappeared. That evening an al 
opened, and the white cells fell to 4,850 the next day. The 


scess in the 


temperature 
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from 99 to 101 F. for eight days and thereafter was normal. The white count 
fluctuated between 3,500 and 5,000 from June 24 to July 13, when the patient 
was discharged in good condition. Treatment included the single transfusion of 
blood, the incision of the abscess in the neck and four ampules of liver extract 
no. 343 a day. Subsequent examinations showed the white cells between 6,000 
and 8,000, and the patient in good condition. On July 28, 1930, there were 67 
per cent polymorphonuclears and 33 per cent lymphocytes. 


Case 8.—A. K., a man, single, a medical student, aged 31, was admitted to 
the Presbyterian Hospital on the Wilber E. Post service on June 21, 1930, with 
an acutely sore throat and general malaise of one day’s duration. The patient 
had had measles and diphtheria in Russia in 1905, and arthritis in 1929. He was 
in the hospital from April 7 to April 12, 1930, with a febrile attack. Pneumo- 
cocci and Streptococcus viridans were found in the thrvat, and the white cells 
numbered 16,000. On May 1, examination of the blood showed: red cells, 
5,000,000; white cells, 5,500, and 29 per cent polymorphonuclears, 63 per cent 
lymphocytes, 4 per cent monocytes, 0.5 per cent basophils, 0.5 per cent eosinophils, 
2.5 per cent metamyelocytes and 0.5 per cent myelocytes (?). On June 13, a 
tonsillectomy was performed. The next week the patient was well and served 
as a clinical clerk in the hospital. He did not come in contact with the patients 
in cases 6 and 7. The present illness began June 20, with a sudden onset, but no 
chill, severe headache, severe diffuse discomfort in the extremities, weakness, sore 
throat, dizziness and fever. 

Physical Examination.—The patient was quite weak. There were no petechiae, 
and there was no jaundice. The pharynx was not red, and there was no post- 
nasal discharge. There was a well defined whitish membrane in both tonsillar 
fossae. The upper and lower anterior cervical lymph glands were enlarged and 
slightly tender. The pupils, sclerae, nose, ears, sinuses, teeth, gins, lungs, heart, 
cardiohepatic angle and abdomen were normal. There was no edema, and the 
spleen was not palpable. The inguinal and posterior cervical glands were barely 
palpable, and the axillary and epitrochlear glands were not palpable. The tem- 
perature was 102.8 F.; the pulse rate, 104; the respiratory rate, 20, and the blood 
pressure, 118 systolic and 74 diastolic. 

Laboratory Studies—The urine was normal, except for a trace of albumin in 
three of seven samples. The stools were normal. Wassermann and Kahn tests 
gave negative results. On June 23, smears from the throat contained cocci, 
Spirilla and fusiform bacilli, and on June 29, no Spirilla, occasional fusiform 
bacilli, many encapsulated diplococci and several perfect polymorphonuclears. On 
June 23, Staphylococcus albus and Streptococcus hemolyticus were grown from 
cultures taken from the throat, and on June 29, Streptococcus hemolyticus and 
Streptococcus viridans. No Klebs-Loffler’s bacilli or B. pyocyaneus were found. 
in cultures of the blood taken on June 22, two hemolytic colonies described as 
gram-positive cocci were grown. They did not grow when subcultivated, and 
were not further identified. The clotting time was one and a fourth minutes 
and the bleeding time three and a fourth minutes, and the platelets numbered 
160,000. A corpuscle fragility test showed beginning hemolysis at 0.40 per cent 
sodium chloride, and complete hemolysis at 0.36 per cent; a control showed 0.42 
and 0.36 per cent, respectively. A Widal test showed positive agglutination for 
B. typhosus and B. paratyphosus A and B at a dilution of 1: 160, and no agglu- 
tination for B. melitensis, bovine B. abortus and porcine B. abortus. The patient 
had undergone antityphoid vaccination in 1915 and in the spring of 1929. A 
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record of the blood counts is shown in table 1. It is seen that to some extent 
there is what Arneth calls a shift to the left and also what Schilling terms a 
legenerative shift. The changes in the lymphocytes that I have called degenera- 
tion consisted essentially in vacuolization of the cytoplasm. 

Course.—The patient had a septic temperature for four days, with the highest 
peak, 103.4 F., on the second day. There was no fever after June 24. There 
were vomiting, a severe headache that required morphine, difficulty in opening 
the mouth and in swallowing, herpes simplex on the lip that soon disappeared 
and cyanosis of the mucous membranes that developed on June 24 and persisted. 


TasLe 1—Hemogram of Changes in the Blood in Case 8 (A Modified Form of 
the Schilling Hemogram) 


Neutrophils 
A. 


Forms (Mature 
Lymphocytes 
Monocytes 


Forms 


Erythrocytes 
Eosinophils 
Juvenile Forms 
Stab-nucleated 
Segment-nucleated | 


Myelocytes 


: Total Leukocytes 
Basophils 


Hemoglobin 


5,070,000 


oe 


4,870,000 


4,790,000 


June 28 
June 2s 
June 
July 
July 
July 8 4,910,000 
July 
Aug. 5,200,000 


The patient was discharged on July 2 in good condition and has been seen at 
weekly intervals since. The general treatment included rest and the administra- 
tion of fluids and sedatives. Attempts at specific treatment included two ampules 
»f liver extract no. 343 a day, the application of mass of ferrous carbonate and 
two intravenous injections of neoarsphenamine 0.45 Gm. on June 22 and 0.3 Gm. 
on June 25. Local treatment included applications of 10 per cent neoarsphenamine 
in glycerin and gargles of saturated solution of sodium perborate, 1: 2,000 potas- 
sium permanganate and 50 per cent solution of hydrogen dioxide used alternately 


COMMENT 


The question arises as to how many of these cases are true agranulo- 
cytic angina. In agranulocytic angina the bone-marrow element produc- 
ing the polymorphonuclear neutrophilic leukocytes is interfered with, 
and the elements producing red cells and platelets are undisturbed. In 


_ 
3 
3 
= 
June 22 per aye hae 1,900 0 0 0 1 0.6 0 93.4 ") 0 
June 23 as ey 3,100 0 0 1 5 0 0 82.0 s 0 
June 23 ; e 3,700 0 0 2 2 I: 0 83.0 8 0 
June 25 re peaenieed 4,400 0 0 0 2 3.0 8 79.0 s 
June 26 <s pg epee 4,100 0 0 0 2 2.0 12 80.0 4 
June 27 95 FY 5,750 1 0 0 1 13.0 i4 69.0 y 4 
10,000 0 0 0 4 14.0 22 57.0 3 
11,10 0 0 0 2 10.0 31 55.0 4 
9,900 0 0.5 0 3 5.0 39 0.5 2 
5,500 0 0 1 2 4.0 43 53.0 2 
5,700 0 0 0 1 4.0 18 72.0 5 
7,000 i) 0 0 0 4.0 SO 44.0 2 ) 


418 ARCHIVES OF INTERNAL MEDICINE 


all of Schultz’ original cases, discussed by his pupil Leon,** the red cells, 
hemoglobin and platelets were normal, and there were no hemorrhagic 
tendencies. This qualification tends to rule out cases 3 and 6. These 
two cases, as well as many reported in the literature as agranulocytic 
angina, are probably of a type similar to aplastic anemia. In this condi- 
tion all three of the bone-marrow elements are injured. In cases 1 and 
5 there were incomplete blood counts. Two physicians in attendance 
on the patient in case 1 stated in a personal communication that the 
differential count included in the history is in error, and that several 
other smears not recorded contained almost no polymorphonuclears. In 


Taste 2—Summary of Observations on the Eight Cases Reported 


Agranulocytie Angina Aver- Granulocytopenia 
age -—— — ———~ age 
Case Case Case Case or Case Case Case Case or Grand 
2 4 7 8 Total 1 3 5 6 Total Total 
21 39 33 37 23 31 
Vincent's organisms..... : 3 + 5 
Streptococcus viridans... + : 
Involvement of throat.. - 
Throat ulcerated... - 
Albumin in urine... - 
Enlarged glands... - 
Hemorrhagic tendency. 0 
Lowest white count 1,000 
Lowest polymorphonuclears, %...... 0.6 
Blood culture....... 
Treatment by 
Surgical intervention 
Transfusion... 


5 


6 
1 
N 


8 


Leukocytic extract. 

Dick serum.... 

Liver extract.. 
Recovery 


case 5 no differential count was made aiter the drop in white cells. 
these two cases there was also sepsis, which, according to Leon,** puts 
them in another group. I consider the other four cases, in three of 
which the patients recovered, to be agranulocytic angina. It is seen that 
this division is somewhat arbitrary. 

In 2 of the cases the condition developed after the extraction of a 
tooth. Hill ** reported 4 such cases. A summary of observations in 
the 8 new cases reported is given in table 2. In general, the different 
items are similar to those previously reported in other cases. The pre- 
ponderance in males, the frequency of finding Streptococcus viridans in 

33. Leon, A.: Ueber gangranezierende Prozesse mit Defekt des Granulozyten 
systems (‘‘Agranulozytosen”), Deutsches Arch. f. klin. Med. 143:118, 1923. 

34. Hill, H. P.: Acute Leukemia and Agranulocytic Angina Associated with 
or Following Removal of Teeth: Report of Four Cases, California & West. Med 
25:609 (Nov.) 1926. 


AI 0 3 0 0 5 
= 0 0 0 0 4 0 a 0 0 1 
0 0 0 0 0 - 0 0 0 1 1 
0 0 os 2 0 0 0 + 1 
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smears from the throat and abscesses of the throat and the frequent 
albuminuria are interesting. Three of the 4 recoveries occurred in cases 
that were probably agranulocytic angina. These 3, with the 24 reported 
in the literature in about 150 total cases, give a mortality of 82 per cent. 
astlin* reported a mortality of 95 per cent in 43 cases reviewed, 
lriedemann * 92 per cent in 47 cases and Ordway and Gorham 
per cent in 82 cases reviewed. The increasing use of blood counts 
probably cause the reported mortality rate to continue to decrease 

In looking over the new cases and those reported in the literature, three 
somewhat related observations stand out: (1) the presence of ulcers 
extra-oral mucous surfaces, as in case 2 and in the reports of Piette 
Petri *® and Schultz;? (2) the occurrence of ulceration in some cases 
after granulocytopenia is present, and (3) the occurrence of oral ulcera- 
tions as a terminal manifestation in aplastic anemia and other conditions 
in which there is a granulocytopenia. This may indicate that one element 
in agranulocytic angina is a constitutional defect in the bone-marrow. 
+ 1 


[In view of this possible defect of the bone-marrow it is of interest that 


one of my patients broke both legs and arms in 1909. One worked in a 
gasoline refinery and another in a brassworks, but it was not determined 
iow much of a factor this might have been. 

The treatment for agranulocytic angina is still uncertain. In my 
series the patients in the fatal cases received practically the same treat- 
ment as those who recovered. In five of the cases in which recovery is 
reported in the literature, the patient received roentgen therapy; this 
therapy was not used in the cases here reported. At least eight cases of 


agranulocytic angina have been ascribed to the arsenical treatment for 
1 


svphilis, e. g., the cases of Pouzin and Malégue.** However, arseni 
was used in the treatment for agranulocytic angina in five of the 
cases considered in this paper. In reviewing eighty-two 

Ordway and Gorham ™ stated the belief that in general the 
1 are m 


whom pus has been localized and drainage established 


recover. In five of the eight new cases, there were localized al 
that required surgical drainage, and in two of them the patients died 


> teaet 


two of the cases in which the patients recovered liver extract w 


SUMMARY 
1. Eight cases of granulocytopenia with 
presented. 


ssibly 


In four of the eight cases the condition was 
Three of the patients recovered. 


Piette, E. C.: Histopathology 


Intestinal Changes in 
schr. 50:1017 (July 25) 1924 
37. Pouzin and Malégue: Case of Agranulocytic Angina 


ed. d. hop. de Paris 52:1726 


angina 
35. EN. sof Acranulocytic Angina, J. A. M. A. 84: 
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3. A mild granulocytopenia sometimes precedes the onset of agranu- 
locytic angina. 

4. In four previously reported cases of agranulocytic angina, the 
patients died of a second attack. 

5. One element in agranulocytic angina may be a constitutional 
defect of the bone-marrow. 

6. Agranulocytic angina may be confused with aplastic anemia. 

7. Liver extract was used in two of the cases in which recovery 
occurred. 

8. At least 150 cases of agranulocytic angina with 27 recoveries have 
been reported to date. The approximate reported mortality rate is 
82 per cent. 

ADDENDUM 

The patient in case 6 died on Oct. 21, 1930, with a condition diagnosed 
aplastic anemia with secondary gangrenous stomatitis. During the last two 
months of life the red cells numbered between 1,600,000 and 2,200,000; the white 
cells between 1,200 and 2,600, and the polymorphonuclears 12 per cent. No autopsy 
was performed. The patients in ca.es 7 and 8 are living and well, with almost 
normal blood. In November, 1930, the latter patient, A. K., gave 500 cc. of blood 
to a patient, not included in this series, who was suffering from granulocytopenia 
with stomatitis. The new patient recovered. No previous instance in which this 
form of therapy was used in granulocytopenia could be found in the literature. 


Drs. Gatewood, E. McGinnis, L. C. Gatewood, F. B. Moorehead, R. T. 
Woodyatt, G. L. McWhorter and E. E. Irons gave me permission to discuss their 
cases, and Dr. C. W. Apfelbach supplied the postmortem data. 


A TEST FOR GASTRIC ACIDITS 


THE “COMBINED Test * 


M. J. MATZNER, M.D 


IRVING GRAY, M.D. 
AND 
H. GREENFIELD, M.D 


BROOKLYN 


We recently discussed the advantages of the “combined test’’ in 
obtaining controlled results in determinations of gastric acidity. The 
combined test embodies the direct study of gastric acidity and the 
simultaneous estimation of the urinary reaction. This test is based on 
the observation that persons having a relatively normal gastric secretion 
are prone to develop a less acid urine after meals, commonly referred to 
as the alkaline tide. On the other hand, patients with a true achlorhy- 
dria tend to show a relative fixation of the urinary reaction. 

In our previous investigations, we employ ed histamine subcutaneously 
as the gastric stimulant. The fact that no more than 50 per cent of our 
patients, in whom iree hydrochloric acid was demonstrated in the gastric 
extractions after the subcutaneous injection of histamine, developed a 
definite urinary alkaline tide caused us to abandon the use of histamine 
as the gastric stimulant in the combined test. 

We decided to use Steero bouillon cubes (one Steero cube im a cup 
of warm water) as the gastric stimulant. Steero bouillon lends itself 
readily to this purpose because of its ease of preparation and its effec- 


tiveness as a gastric stimulant. 


METHOD OI! PROCEDURE 


The patient was requested to urinate at 6-30 a. m., empyting the bladder as 
completely as possible. This was done again at 8-30 a. m., and the hydrogen ton 
concentration (pu) of this second specimen was determined immediately. 

A Rehfuss tube was passed about 9:00 a. m. and the gastric contents of the 
stomach during fasting extracted. The stomach was washed with water until a 
lear return was obtained. The patient was then requested to drink two cups of 
varm Steero bouillon (one cube to a cup of warm water). Gastric extractions 


vere made from every twenty to thirty minutes over a period of from three t 
Sve hours. The patient was instructed to empty the bladder as completely as 
possible at each urination, and was kept at comparative rest thre ughout the entire 


test. The gastric specimens were quantitatively analyzed for free and total acidity. 


* Submitted for publication, Aug. 11, 1930 
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hydrogen ion concentration of the urine was immediately determined with 
‘comparator. A determination can be made in a few minutes. This 
extremely simple and lends itself readily to clinical use. 


RESULTS 
Nineteen patients were studied in group 1. The test showed free 
uvdrochloric acid in the gastric extractions, and a definite urinary 
alkaline tide was noted. 


TAvL_e 1.—Result of the “Combined Test” in Group 1 


Maximum Gastric Acidity pu of Urine 
p ‘Free Hydro- Total Initial Maximum 
Number Diagnosis chlorie Acid Acidity Du 


Neurosis. 
Duodenal ulcer.. 
-urosis.... 

Catarrhal jaundice. 
Chronie ¢ ‘onstipation... 
Gastrie carcinoma. 
Duodenal ulcer.. 

Gastrie ulcer; syphilis. bi 

Duodenal ulcer; syphilis. .. 
Neurosis; a Tative adhe sions. 
Duodenal ulce 

Chronie 

Duode nal ulcer 


nal ulcer.... 
Duodenal ulcer... 
Duodenal uleer.. 
Duodenal ulcer ? 
Duodenal ulcer ?. 


Tasre 2.—Result of the “Combined Test” in Group 2 


Maximum Gastric Acidity — pu of Urine 
Free Hydro- Total "Initial ~ Maximum 
Number Diagnosis chloric Acid Acidity pu 
Duodenal uleer; hypersecretion..... 86 90 7.6 
Chronie constipation ‘ 3 40 6.2 
Chronic cholecystitis........... Seaaig 3: 38 5.8 


Taste 3—Result of the “Combined Test” i 


Maximum Gastrie Acidity pu of Urine 
“Free Hydro- Total Initial Maximum 
Diagnosis chlorie Acid Acidity pu pu 
Generalized arteriosclerosis 10 5.2 5.2 
Pernicious anemia 8 6.0 


Group 2 consisted of three patients in whom gastric extractions 
showed free hydrochloric acid and in whom no urinary alkaline tide was 
observed, 

The two patients in group 3 demonstrated an achlorhydria and a 
relative fixation of the urinary reaction (no alkaline tide) 


This apparatus may be obtained from Eimer and Amend, New York Cit 


' 
422 
The 
the Hel 
method 
1 21 37 7.4 8.1 
3 47 63 5.6 7.0 
3 44 61 5.0 6.0 
4 47 63 5.6 7.6 
5 21 25 5.6 6.4 
46 48 5.6 6S 
7 24 26 5.0 7.0 
8 40 nb 5.2 6.0 
9 60 64 6.4 7.6 
10 20 30 6.8 7.3 
11 28 40 5.2 6.0 
12 30 34 6.2 7.2 
13 40 50 6.4 7.6 
14 4 15 22 5.2 6.4 
15 40 60 5.2 6.8 
16 wes 40 60 6.0 6.5 
17 60 o4 5.2 7.2 
18 30 45 5.2 7.0 
19 59 4.8 5.7 
24 
. 
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COMMENT 


The method employed in our “combined test” possesses many advan- 
tages. The Hellige comparator lends itself readily to clinical use in 
determinations of urinary py. It is simple, rapid and sufficiently accurate 
for this test. 

The use of Steero bouillon cubes as the gastric stimulant has proved 
satisfactory. The Steero cubes can easily be obtained, and the test meal 
readily prepared. The content of meat extract in the cubes has proved 
sufficiently great to serve as an excellent gastric stimulant. 

In our studies, three patients in whom we were able to demonstrate 
iree hydrochloric acid in the gastric extractions failed to develop an 
alkaline tide. One of these patients (no. 20) with a duodenal ulcer had 
a marked hypersecretion and hyperacidity (Reichman’s disease). 
K\auders and Porges* observed that this group frequently does not 
develop an alkaline tide because of their continuous maximal gastric 
secretion. Other factors, such as impaired renal function, previous diet, 
ete., may be responsible for a lack of agreement between the gastric 
acidity and the change in urinary reaction. 


CLINICAL APPLICATION 

We feel that the direct study of the gastric contents is invaluable. 
However, in patients with cardiac disease and hypertension or in those 
unwilling to permit the passage of a tube, one can frequently gain 
information as to the presence or absence of free hydrochloric acid in the 
gastric content by a study of the urinary alkaline tide. 

This test may prove of value in the study of gastric acidity in 
patients in whom marked duodenal or duodenojejunal regurgitation 
occurs. We are particularly interested in studying the group of patients 
who have undergone partial gastrectomies. We feel that many of these 
patients may be reported as “ 
the neutralization of the gastric contents by marked duodenojejunal 
regurgitation through a large stoma. The “combined test” may prove 
of value in deciding this question by the simultaneous study of the ¢: 


anacid,” possibly erroneously so, because of 


contents and the urinary reaction. 


CONCLUSIONS 
1. A simple combined test for gastric acidity with Steero bouillon 
cubes as the stimulant is described. 
2. The gastric analysis and changes in urinary reaction (fy) agreed 
in about 85 per cent of the patients studied. 
3. The clinical application of the combined tests has been indicated 


2.Kauders, F.: Porges, O., and Essen, H.: Deutsche med. 
1415 (Nov. 24) 1921. 
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THE TREATMENT OF RESPIRATORY ARREST IN 
THE DRINKER RESPIRATOR 


A CLINICAL AND EXPERIMENTAL STUDY * 


DOUGLAS P. MURPHY, M.D. 
CECIL. K. DRINKER, M.D. 
AND 
PHILIP DRINKER, Cu.E. 


BOSTON 


Failure of respiration is a decisive occurrence that must be met at 
once by substitution of mechanically induced breathing. It is so critical 
an emergency, so desperately certain to be fatal, that appliances a 
methods for artificial respiration have even been granted a certain margin 
of danger if they, in the main, promised to perform well. In his review 
of the history of artificial respiration, Keith’ described the develop- 
ment of bellows appliances for resuscitation as early as 1732. Such 
devices were given much attention, and were not discarded for use by 
the Royal Humane Society until 1837. Their rejection resulted from 
the large amount of harm that it was shown they might produce. The 
lungmotor and the pulmotor, modern appliances very similar to the 
bellows devices of a hundred years ago, have had an identical history. 
The introduction of carbon dioxide as a stimulant for breathing 
asphyxia in 1922 gave promise of doing away with the necessity for aids 
other than the simple prone pressure method of artificial respiration. 
But, though most gratifying results were obtained, cases kept appearing 
in which it seemed that life might have been saved had it been possible 
to provide artificial respiration for a long period of time by a method 
imitating normal breathing and permitting the patient to sleep and take 

] 


Tood, 


In 1929, Drinker and Shaw? published a description of a device 


capable of meeting these requirements. Since then many patients 


have been treated in this new respirator. Several of these cases have 

* Submitted for publication, Aug. 30, 1930. 

*From the Departments of Physiology and Industrial Hygiene, Harvard 
School of Public Health, Boston, and the Institute of Gynecological Research, 
Gynecean Hospital, Philadelphia. 

1. Keith, A.: Lancet 1:745, 1909. 

2. Drinker, P., and Shaw, L. A.: J. Clin. Investigation 7:229, 1929. Shaw, 
L. A., and Drinker, P.: J. Clin. Investigation 8:33, 1929. 
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been highly successful, of which two instances have been published * 
and have indicated that patients may be made to breathe artificially over 
long periods without the slightest evidence of untoward effects from the 
artificial respiration. Many other cases have terminated fatally. This 
1s to be expected when it is considered that the device has been used in 
the treatment for rapidly progressing poliomyelitis, advanced carbon 
monoxide poisoning, respiratory failure later ascertained to be due to 
cerebral hemorrhage, etc. Such results have nothing to do with the 
efficacy of the respirator. That question depends on the ability of the 
device to operate for long periods without of itself contributing damag« 
to the lungs. 

In using the respirator, the subject is enclosed in an airtight metal 
ank, from which the head protrudes through a rubber collar. Respi- 
ratory movements are induced by an electrically driven pump and an 
appropriate system of valves. While a partial vacuum is being produced 
around the body, the chest enlarges and inspiration occurs. Expiration 
results from the elastic recoil of the chest when the partial vacuum is 
abolished by the succeeding revolution of a valve. The rate of breathing 


is controlled by the rate of the motor and the depth of breathing by 


an increase or decrease of the severity of the suction applied inside the 
metal tank to the body of the subject. 

Studies on normal persons and a realization of the conditions that 
are likely to be met clinically have raised three important questions 
in connection with the employment of this new method of artificial 
respiration: 1. What is the depth limit of artificial respiration (expressed 
in centimeters of water, negative pressure) that can be employed with 
safety? 2. Should signs of respiratory failure increase—in spite of 
moderate usage of the respirator—can the efficiency of the method be 
increased by increasing the negative pressure, or does one begin to 
produce damage to the lungs and so jeopardize the chance for recovery ? 
3. What special technic is necessary in order to apply this form of 
therapy to infants suffering from acute asphyxia? 

Partial answers to these questions are available through experience 
with normal subjects, with patients and through experiments on animals. 
They indicate that the respirator is extraordinarily efficient in getting 
air into the lungs, except in the presence of atelectasis or gross bronchial 
obstruction. It is this very efficiency that makes it necessary that the 


3. Wightman, H. D., and Shaughnessy, T. J.: A Case of Respiratory Failure 
Successfully Treated in the Drinker Respirator, J. A. M. A. 93:456 (Aug. 10) 
1929. Shambaugh, G. E.; Harrison, W. G., and Farrell, J. L.: Treatment of 
the Respiratory Paralysis of Poliomyelitis in a Respiratory Chamber, J. A. M. A. 
94:1371 (May 3) 1930. 
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appliance be used with discernment and prudence, particularly in the 


presence of pathologic conditions in the lungs. The following fatal cases 
have been selected from our experience during the past year. In each 
instance the respirator was employed against great odds and as skil- 
fully as our judgment permitted. It is doubtful whether today the 
outcome could have been altered in a single instance, but certain lessons 
were learned that help to answer the questions we have asked, and 
since the use of the respirator is increasing this experience may be of 
value to others. The cases reported occurred in two adults and six 
premature infants. 
REPORT OF CASES 


Case 1.—Acute Poliomyelitis with a Terminal Bronchopneumonia. 

L. C.,a white woman, aged 25, was admitted to the Peter Bent Brigham Hospital 
on Oct. 16, 1929, suffering from respiratory difficulty and paralysis of the extremities. 
She became sick on October 11, with headache, fever, vomiting, stiffness of the 
neck and malaise, followed by a gradually increasing paralysis. Difficulty in 
breathing was observed the same day. At 1:00 a. m. on the day of admission 
(October 16), the pulse rate and respiratory rate were elevated, and the tempera- 
ture was 104 F. The abdominal muscles were tense. There was a loss of power 
in the right arm. The knee jerks were gone, and both legs were paralyzed. The 
patient was cyanotic, and during examination became more so on being turned 
over. Her condition was diagnosed as poliomyelitis. She was placed in the 
respirator at 1:15 a. m., already suffering from lack of oxygen and able to 
breathe but slightly. At first a number of deep breaths were given, the negative 
pressure being raised to 35 cm. It was later reduced to 20 cm. Below this point 
the patient would object and ask for more air. The following day the pump was 
run at 25 cm. pressure and at a breathing rate of 20 per minute. While the 
patient was being given artificial respiration, the cyanosis and dyspnea disap- 
peared. Both recurred rapidly whenever the machine was stopped. At the end 
of eight hours of treatment, swallowing became difficult, and the pump could not 
be stopped for more than a minute without the development of cyanosis. On the 
morning of October 17, the patient was unable to swallow. That evening, a 
negative pressure of 28 cm. was required in order to prevent the appearance of 
cyanosis. Death occurred at 4:00 a. m. on October 18. 

On admission there were no marked signs of abnormality in the lungs as 
evidenced by loud rales or marked dulness. The breathing was, however, so bad 
as to preclude the possibility of careful examination. Near the time of death, 
bubbling rales could be heard above the noise of the respirator. During the entire 
illness, the condition was so critical as to make thorough examination of the 
chest impossible, so that there is no direct evidence on the development and 
progress of the condition of the lungs found at autopsy. 

In summary, this was a rapidly advancing case of poliomyelitis; the patient 
was somewhat asphyxiated when treatment began and so severely paralyzed as 
to make it impossible to change her position during most of the fifty-five hours 
that she was in the respirator. An alarming increase in pulse rate began about 
twenty hours after admission, and possibly indicates the onset of pneumonia. The 
patient lay flat on her back in a horizontal, not a head-down, position, and for 
the last sixteen hours was made to breathe only by the use of excessively hig! 
suction. 


| 

| 

| 

| 


MURPHY ET AL~—RESPIRATORY 


Autopsy Report—The anterior mediastinum and pleural cavities 
thing abnormal. The right lung weighed 370 Gm. and the left 330 Gm 
lungs were crepitant throughout, though the crepitation was diminished in 
in both lower lobes, particularly in the right. Along the most dependent m 
both lower lobes there was a fairly well demarcated dark reddish-blue 


representing intense congestion; however, even here there was 

‘t crepitation. The visceral pleurae were everywhere moist, smooth ar 
ing. The surfaces of the lungs were mottled gray and black and gravyi 
tinged by rec in the lower part of the lobe. Surfaces, made by 


pink in the upper part of the lobes and red in the lower part, owing t 


ense congestion in the latter regions. Numerous small, blotchy red 
were noted throughout both lungs, representing early | 


ronchopneumonia. In the 
wer part of the right lobe there were several consolidated regions, practically 
uirless. On section, these showed deep red granular surfaces from which a 
moderate amount of serosanguineous and purulent material could be expressed 
n pressure. Sections through the most dependent portions of the lower parts of 
oth lobes, the areas that appear deep reddish blue externally, were dark 

nd represented mainly intense congestion. Several br 


Dranc! 


hes of the pulm 
vessels were opened, and no ante mortem clots w: re found. Within the bronchi 
ere was seen a small amount of mucoid material, and 


consolidation, mucopurulent material. The broncl 


near the regions 
ial walls were slighth 
Microscopic Examination—Two sections of lung showed an acute broncho- 
pneumonia, hemorrhage, edema and congestion. The pneumonic process was of 
an acute type characterized by hemorrhage and a varying degree of polymo 
nuclear infiltration. The hemorrhagic exudate. hv wever, was the outstandin 
feature. The alveoli frequently contained round or oval clear spaces about w! 
there was a rim of exudate. The clear spaces represented globules of entrapped 
air. In the exudate, both of hemorrhagic and of purulent type, there were many 
cocci, usually in chains. The bronchi contained an exudate more or less similar 
to that found in the alveoli. Their epithelium was degenerated, owing for the 
most part to postmortem changes, but there were some bronchioles that showed 
rather extensive infiltration by polymorphonuclear leukocytes. All of the blood 


vessels showed marked congestion. and some of the smaller ones thrombosis. 


The type of hemorrhagic exudate observed is frequently found in acute strepto- 
coccic infections of the respiratory tract. That exudate 


h entered bronchi and 
alveoli by an aspirational process was evident by the entrapped globules of air. It 
was the opinion of the pathologist that the hemorrhagic exudate in the alveoli 
might be an expression of trauma from the artificial respiration, 
equally probable that it was a streptococcus effect, 


as streptococci were 
in the exudate. 


In this case the patient had suffered from acute asphyxia for about 
ne hour prior to the use of the respirator. In conscious patients with 


poliomyelitis, with very complete respiratory paralysis, it has been found 
that the patients’ feelings are the best guide to the volume of breathing 
to be provided by the respirator. Overventilation is always unpleasant 
\ 


\ normal person in the respirator will ask for an adjustment of rate 
and depth of breathing that avoids the production of apnea when the 
respirator is stopped. Paralyzed patients are capable of giving the same 
instruction, although the truth of their judgment cannot be pr 1] 


ved DV 
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stopping the machine. As the disease progressed in L. C., cyanosis again 
developed, and to combat this the suction applied by the respirator to 
produce inspiration was increased. It is our opinion that on admission 
—possibly as a result of asphyxia, for the type of asphyxia due to carbon 
monoxide poisoning is capable of producing fluid in the alveoli and 
bronchioles, and possibly as an independent process—this patient had 
excess fluid in the lungs, which, as she lay flat on her back, gravitated to 
the dependent posterior portions of the lungs and slowly shut off large 
areas from the entrance of air. To combat this the action of the respi- 


rator was increased, but the result of this increase was probably to 


pack bronchiolar exudate to a maximum degree and to produce hemor- 
rhage from overinflation of such alveoli as were compelled to receive 
air or were open but shut off from the air by bronchiolar plugs. It 
has been our experience that patients known to have diffuse exudative 
processes in the lungs do poorly in the respirator, and maximally so 
if it is impossible to change their position fairly frequently. In a case 
as far advanced as that of L. C., the patient must be treated, but the 
respirator should never be run with more than minimal pressures, and the 
foot of the appliance should be raised to promote drainage toward the 
mouth, as indicated by the animal experiments that conclude the paper. 


Case 2.—Acute Poliomyelitis with Bronchopneumonia and with Traumatic 
Emphysema of the Lungs and Mediastinum. 

H. P., a white man, aged 18, was admitted to the Peter Bent Brigham Hospital 
on Oct. 27, 1929, with the chief complaint of difficulty in breathing. For two weeks 
prior to admission the patient had been ill with a mucopurulent bronchitis. Forty- 
eight hours before admission, dizziness, fever and chilly sensations were observed 
Twenty-four hours before admission paralysis began, the right arm becoming 
affected first. The morning of the day of admission, the accessory muscles 
of respiration were brought into play, and coughing became impossible. On 
admission the patient was extremely cyanotic. He was placed at once in the 
respirator, which promptly relieved the cyanosis, but did not restore conscious- 
ness. At this time a negative pressure of 20 cm. was employed with a respiratory 
rate of 20 per minute. The artificial respiration was begun at 12: 50 a. m., October 
27, and was carried on continuously until death at 3:35 p. m., October 28. From 
time to time large amounts of thick yellow mucus were raised, and four hours 
before death a foamy white mucus was observed. At this time swallowing 
became difficult. Although moderate negative pressures were employed most of 
the time, toward the end of life extremely high pressures were used (from 4!) 
to 60 cm.) as the patient’s condition seemed to be getting worse. Even these 
pressures did not prevent the cyanosis from advancing. 

In summary, this was a case of acute poliomyelitis, in which the patient was 
greatly asphyxiated when placed in the respirator. Unfortunately, the paralysis 
was superimposed on a severe purulent bronchitis. Like L. C., the patient was 
given artificial respiration while flat on his back and in the horizontal position: 
when, after a few hours of relief, cyanosis appeared and began to deepen, thi 
suction or inspiratory phase of the machine was increased. 


| 
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Autopsy.—The pleural cavities contained no fluid, and the surfaces were every- 
where smooth in the right side of the chest. The left pleural cavity, however, 
showed old fibrous adhesions between the lower lobe and the parietal pleura in 
two places, one at the apex of the lower lobe. There were no recent adhesions 
\s soon as the chest plate was removed, a striking emphysema of the lungs and 
interior mediastinum, due to small blebs, was noted. The emphysema in both 
obes was limited to the crepitant portions, which were anterior and medial There 
was striking emphysema of both the anterior and the posterior mediastinal spaces, 
that had undoubtedly developed from the associated emphysema of the lungs. 
[he mediastinal tissues were puffed up with many small air-filled blebs, which 
were nearly confluent and covered the anterior surface of the pericardium. The 
right lung weighed 460 Gm. and the leit 440 Gm. oth showed the same picture 

Almost the entire lower lobe on each side was discolored a reddish purple, 
and was firm and heavy, owing to consolidation. Only the extreme anterior edge 
was somewhat pinker, and was crepitant, though not fully so. The middle and 
upper lobes showed the same discoloration, but to a distinctly less degree, and 
toward the apexes they were pinkish red but not purple. The posterior portions 


Distribution of Lesions in the Lungs of Fifty-Six Cats Given Artificial Respiration 
in Horizontal and Head-Down Positions 


Negative Horizontal Head Down 
Cm. Number of Atelectasis and Atelectasis Number of Atelectasis and Atelectasis 
Water Animals Hemorrhage Only Animals Hemorrhage Only 
5 2 1 0 9 0 1 
15 12 10 2 10 4 4 
20 1 0 l 0 
25 1 0 0 1 ( 
30 1 1 0 1 ( 
40 1 0 1 0 0 { 
5 1 1 0 ( 0 
60 0 0 0 1 0 
28 15 5 10 


f these lobes felt firm and slightly lumpy, strongly suggesting the feel of sago 
r tapioca pudding. The consolidated mass merged into the more crepitant mass 
rather indistinguishably. The lobes of each lung were incised posteriorly, and a 
onsiderable amount of thick bloody fluid flowed out freely. This was more 
prominent in the lower lobes, but was also present definitely in the upper lobes 
Running the finger over the cut surface disclosed a consistency suggestive of 
tapioca. This consolidation gave a somewhat granular appearance, and when 
pressure was exerted mucopurulent material was expressed from the small bronchi 
‘nd some pus from the alveolar spaces, in addition to the blood. There was an 
extensive bronchopneumonia, plus a mucoid or mucopurulent bronchitis, which 
had greatly hindered good aeration. When the bronchi were examined the mucosa 
was pinkish red, and there was a large quantity of tenacious mucopurulent 
naterial in practically all of the branches. This seemed to be about the proper 
nsistency to interfere greatly with the passage of air in and out. The mucus 
bled easily. The emphysema in the lungs was limited to the pinker areas along 
e anterior margins and upper portions that were not dependent, and none was 
present in the grossly consolidated areas. Frequently the blebs were arranged in 
linear streaks on the surface of the lung toward the anterior free edge. Extending 
rom the free edge toward the hilus there were definite streaks of emphysema, 
1 these could be seen to follow the course of the blood vessels. It was surely 
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by this method that air escaped from the ruptured alveoli and followed the course 
ot the blood vessels to the hilus and mediastinal tissues, where emphysema was 
also marked. 

Microscopic Examination—Numerous sections of the lung showed bronchitis, 
bronchopneumonia and emphysema. The degree of the pneumonic involvement 
and the age varied from an old process, in which the lung was completely solidified 
by an exudate composed of polymorphonuclear leukocytes and fibrin, to initial 
stages in which there was merely edema and congestion. In sections showing less 
extensive involvement the bronchi were filled with purulent exudate. Their epi- 
thelium was intact, and there was little infiltration of the adjacent tissues or 
alveoli. In others, there had been an infiltration of both the peribronchial tissue 
and the alveoli. Here and there the alveoli displayed a central oval or round, clear 
area surrounded by exudate, a condition due to entrapped air and often associated 
with an aspirational pneumonic process. A number of thrombosed blood vessels 
were seen, especially in one section that showed extensive involvement and in 
which the alveolar walls were identified with great difficulty, owing to necrosis 
and infiltration of polymorphonuclear leukocytes. The pneumonic process was 
essentially a bronchitis and peribronchitis which in places had progressed to a 
confluent bronchopneumonia. The more nearly normal lung tissue showed an 
acute emphysema with dilatation and rupture of the alveoli. There was a spreading 
of the tissue about the blood vessels, so that they appeared suspended in clear 
areas by a few strands of connective tissue. 

In case 2 it was also necessary to begin artificial respiration after 
asphyxia had become dangerously advanced; in addition to this unfavor 
able circumstance, the patient was known to have a severe exudative 
bronchitis. It was impossible to change the patient’s position. In our 
opinion, the exudate already in his lungs gravitated to dependent areas 
and gradually shut them off to aeration. This induced cyanosis, which 
was countered by increasing inspiration through increase of suction 
hy the pump. This tended to spread and intensify consolidation, and 
eventually the suction was so far increased as to cause alveolar rupture 
and emphysema in the nondependent parts of the lungs capable of 
receiving air. In such cases one is confronted with the possibility of 
initiating a vicious cycle certain to be fatal if continued. One must 
realize that the breathing patient with a spreading bronchopneumonia, 
though dyspneic, probably never applies to his lung tissue the uniform 
pressure for air entrance of which the respirator is capable. If one 
lung shows most of the involvement, it is frequently more or less 
quiescent and cannot be forced out of this state even by inhaling excess 
carbon dioxide. Furthermore, when in such a patient the lung is so far 


filled as to leave but little space available for aeration, the patient 
does not overinflate this tissue. His power to breathe, like the rest 
of his muscular ability, succumbs slowly to lack of oxygen, and he dies 


When, however, the respirator is used in connection with acute exudative 
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processes in the lungs, nothing protects affected areas against inflation. 

One must use the respirator under as low pressure as possible and must 

_ all one can to prevent hypostatic spread of the condition by changing 
: position of the patient and by using the re spirator at least for 


vrief periods with the patient’s head lower than his feet. 


Case 3—A Premature Infant with Cyanosis. 
L., a girl, aged 1 day, who weighed 1 pound, 11 ounces (765.44 Gm 
idmitted to the Children’s Hospital on Oct. 17, 1920, because of po 


wing to prematurity, as she was a seven months’ child. Breathing was rapid a 
rregular, and the cry was weak. Cyanosis was present. The infant was pla 
n the respirator twenty-four hours after admission, and lived in it. thro 

the entire duration of the stay in the hospital, thirty-three days. For the 


i 


“€ 


days the respirator was run for from ten to fifteen minutes every hour, or 


a cyanotic attack occurred. A breathing rate of 40 per minute was emp! 
a negative pressure of from 18 to 22 cm. of water. After the first tet 


if 

and for the remainder of the child’s life, the respirator was run almost centinu 
ously. Five per cent carbon dioxide and 95 per cent oxygen were frequent); 
employed during the latter period. Throughout the period of treatment the infa: 
was changed in posture, from back to side. always, however, with the * ly | 
zontal. The color was usually improved by the machine, but improvem 
not always take place immediately. There was much mucus in the mouth 
times. During the fourth week of treatment. the temperature became 
ind the cyanotic attacks more frequent. Death occu vet on Nov. 18, 19 

This patient was a premature infant, very small i t 
attacks of asphyxia, who was treated ere ee in the respirator for almos 
month, when cyanotic attacks became very frequent, and death occurred in the 
nith week. Though the position was changed very often, the | 
lower than the feet. 

Autopsy Report—No fluid or adhesions were observed i e pleural caviti 
The surfaces were all smooth and glistenin 


g “he righ heal weighed 15 

the left lung, 12 Gm. Both were distended and normal in shape, except for their 
borders, which were somewhat collapsed and atelectatic. The visceral pleura was 
thin and transparent, but had a slig 

septums were quite distinct, and the outlined lobules of the substance 


ht grayish tint. The underlying inte 
n close inspection appeared slightly raised as if the -y were overdister 

r the atelectatic borders, these emphysematous-like areas were 

fusely over the surfaces of the lungs. Externally, the lungs were 

with small, dark bluish-red patches suggesting small terminal hemorrhages. 
lungs floated, but were less crepitant and sligh tly firmer than normal 


le Cut surfaces were reddish, except for the small dark he orrhagi 


mail ial norrna 
ielded only reddish fluid on pressure. No pus or 
seen. No thrombi were found in the pulmonary ve -ssels. 


and the mucosa was found to be smooth and pale throughout. 


+h 


Microscopic Examination.—Three sections showed a number of 
with red blood cells and an occasional leuko cyte. No purulent exudat 
the alveoli or bronchi, except for a single alveolus, which containe 
ukocytes and desquamated epithelial cells. Two sections showed marked atelk 
isis. A few alveoli were partially distended. The intervening i 
presented by thick masses of epithelium and had an immature : 
ells were large, round or oval, and densely packed. 
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atelectatic areas were congested. The bronchi were contracted, and occasionally 
contained red cells and desquamated epithelial cells. 

In nonatelectatic areas the alveoli were normally dilated. In the main, the 
walls were thicker than normal, but in some regions there was definite thinning 
and emphysema. The bronchi appeared dilated, and not infrequently contained 
masses of red cells. 

In this case and that of five other premature infants showing 
similar lesions at autopsy, the characteristic damage of the lungs con- 
sisted of small hemorrhagic patches scattered through the lungs and 


tending, in several cases, to be more numerous posteriorly and toward 
the bases of the lungs. Coupled with this simple hemorrhagic lesion 
were varying amounts of emphysema and of lung tissue that had never 
expanded. In no case was there bronchopneumonia, though it seemed 
certain that it would have occurred had time for development been 
given. In every instance the hemorrhagic condition was recent and but 
shortly antedated death. This was evidenced by the entire freshness 
of the extravasated blood, the lack of reaction about the hemorrhagic 
areas and the small amount of blood that had moved into the bronchioles. 
We believe that the hemorrhagic lesions represent alveolar ruptures 
due to overdistention by the respirator while the alveolar circulation was 
good. If such rupture did not occur, the area in question gradually 
reached the relatively bloodless condition characteristic of emphysema, 
and then if rupture did take place no hemorrhage occurred, and 
one noted the dry emphysema found characteristically through all the 
lungs examined. The persistence of numerous atelectatic areas in the 
lungs of a child who was treated in the respirator for five weeks makes 
it seem probable that one cannot open the lungs with any reasonable 
use of the respirator. 

Finally, the question arises as to what measures might have been 
taken to avoid the lesions of the lungs, scattered hemorrhages and 
emphysema that were found regularly at autopsy. Frequent changes 
in position are unquestionably of importance. They have a marked 


effect in preventing the gravitational filling of bronchioles by fluid 


from the upper air passages. It requires but few experiments on 
curarized animals to convince one of the ease with which even viscous 
fluids placed in the lower part of the trachea are distributed by gravity 
through the lungs. If the respirator is operating with a degree ot 
inspiration producing suction about as great as the lung tissue can 
tolerate, the sudden plugging of a bronchiole with the prevention of 
ingress of air apparently subjects the alveoli served by this bronchiole 
to a degree of trauma apt to bring about rupture. It was our opinion 


that much of the hemorrhagic exudate seen in the second adult case, that 
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of H. P., was produced in this way. The presence of excess mucus in the 
mouth and upper air passages of premature infants is often troublesome, 
ind was markedly so in the case that we have reported. Yet the 
bronchioles were not significantly filled with material of any kind. It is 
thus reasonable to believe that no more than a small share of the observed 
damage was created by the bursting of alveoli served by a plugged 
bronchiole. The experiments on animals reported later in the paper 
indicated that periods of respiration with the head lowered offer the 
best means for avoiding such damage. But in these infants, on whom 
careful observation during life can be coupled with observations at 
autopsy, it seems possible that most of the trauma that produced hem- 
orrhage was an expression of brief periods of unresisted overventilation 
applied to relieve cyanosis that may have been due to a variety of 
causes. This again means that in infants, as in adults, the respirator 
should not be run with more than the minimal amount of suction capable 
of sustaining life. In contrast to the cases of patients with complete res- 
piratory paralysis, the premature infants breathed, though at times inade- 
quately. They did not fall in with the rhythm of the respirator as does 
a conscious adult. One should use the respirator when the breathing of 
the child becomes inadequate, and should interrupt the action so as to 
allow the child to breathe by itself as soon as it is able to do so. 

Last of all, it should be pointed out that the observations on these 
six premature infants, five of whom weighed less than 3 pounds 
(1,360 Gm.) and all of whom were regarded as hopeless risks on 
admission to the hospital, in no sense condemn the respirator for use 
in similar cases and for use on asphyxiated full term infants. Von 
Wachenfeldt,* using a similar type of respirator, evolved independently 
as a result of unsuccessful experiences with the baby barospirator 
ot Thunberg ° in the treatment for asphyxia neonatorum, reported excel- 
lent results in full term infants. It has been our desire to show that 
in desperate cases certain similar lesions are found and to indicate as 
well as possible the cause of these lesions and the best means of com- 
hating their occurrence. 

EXPERIMENTS 

Animal experiments bearing on our clinical observations have been easy to 
‘onstruct. We have desired to know three things: (1) whether over-respiration 
i curarized animals would produce the hemorrhagic lesions that we have found 
n patients; (2) the degree to which material in the bronchi increases their occur- 

ce, and (3) the best means of avoiding such damage 

Cats were employed. In every case the procedure was as follows: The animal 

1s anesthetized with ether. A cannula was tied in the femoral vein, through 


4. von Wachenfeldt, S.: Acta obst. et gynec. Scandinay. 9:600, 193 
5. Thunberg, T.: Scandinay. Arch. f. Physiol. 48:80, 1926 
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which the injections of curare were made. Another cannula was inserted into the 
upper part of the trachea. The animal was placed in the respirator with his 
head protruding through the rubber collar at one end. At this time 1.5 ce. of 
1 per cent curare was injected into’ the femoral vein, which was followed by 
complete respiratory paralysis within thirty seconds. The respirator was closed, 
and artificial respiration was begun. 

In order to kill the animal it was bled from the carotid artery. Immediate 
autopsy was performed on the lungs. The trachea was tied tightly with a heavy 
cord, after which the anterior wall of the chest was removed, and its contents 
were taken out en masse. Pictorial records were made of any superficial lesions, 
and the bronchi were explored in cases in which gross lesions were observed. 

Twenty-eight animals were given artificial respiration under varying amounts 
of negative pressure, while in the horizontal position. A second group, under the 
same negative pressures but with the head down, were compared with these. A 10 
to 20 degree inclination was used. When the damage of the lungs was found, it 
appeared grossly as rather sharply marginated solid dark red areas which, on 
microscopic section, proved to be atelectatic and usually showed alveoli containing 
blood. Emphysema occurred, but was always slight. The accompanying table 
shows the distribution of the lesions. It is unfair to the head-down position, in 
that it gives absolute frequency and no indication of the degree of damage that 
was found. This was decidedly less in the head-down position, though numer- 
ically as given in the table. The distribution of the lesions was irregular, but in 
general they were most frequent in the dependent parts of the lungs. For the 
animals in the horizontal position this meant the posterior parts of the lower 
lobes, and for the inclined animals the posterior parts of the upper lobes. The 
length of the experiments was usually one hour, though several of the animals 
in the head-down position under 10 cm. of negative pressure were carried for 
twelve hours and maintained in excellent condition. In many instances it was 
possible to show that the characteristic lesion was associated with a plugged 
bronchus or bronchiole, and, though not invariably demonstrated, we feel that 
this was invariably the case. Etherization of cats invariably induces a great deal 
of saliva and mucus. This material, if it becomes intratracheal, will find its way 
into dependent bronchioles; this occurs particularly under conditions of respiratory 
paralysis. The head-down position helps materially to prevent this gravitational 
movement. One can see this clearly if a cat is prepared according to the method 
used in these experiments and if heparinized cat plasma heavily colored with 
methylene blue is introduced through a tracheal catheter. If the animal is hori- 
zontal this artificial exudate, even under the gentlest artificial respiration, flows 
into the dependent parts of the lungs, and within a short time causes the appear- 
ance of large areas of atelectasis and hemorrhage. When the animal is placed at 
a 20 degree angle, the injected fluid slowly flows out of the mouth, and one 
rarely sees lesions of any sort. 

A final observation, particularly on the animals in which respiration was pro- 
duced under high negative pressures, was a definite and generalized pulmonary 
congestion. If the respirator is used with too great negative pressures one ma) 
apparently count on increasing the amount of blood in the lungs and thus favor 
the induction of both edema and hemorrhage. 


COMMENT 


Qn the basis of our clinical experience and experiments, we shal! 


now turn to the questions that were asked in the early part of the paper 


: 
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and that are of vital importance to any one using the respirator. First, 
can one give any definite direction as to the degree of negative pressure 
that can be applied with safety? In completely paralyzed adults one may 
apparently expect to do harm if the negative pressure is greater than 
25 cm. of water for any considerable time. This will consist in the 
appearance of scattered hemorrhagic areas, and these are almost invari- 
ably associated with bronchial plugging. The danger of producing them 
will be greatly reduced by frequent changes in the position of the patient 
and by the head-down position. This position should always be used 
when there is evidence or suspicion of excess fluid in the air passages 
Second, if cyanosis deepens under moderate use of the respirator, that 
is, with negative pressures under 20 cm. of water in adults, should om 
increase the negative pressure to provide relief? At the most, such an 
increase should be for a very brief period—not more than a minute 
since it is certain that if the cyanosis is due to filling the lung with 
exudate the increased negative pressure will do harm rather than good 
If the cyanosis is cardiac in origin, nothing will be gained by the move 
ment of more air. Third, are there special precautions to be taken in 
using the respirator on infants? Our experience is still rather limited. 
but it would seem that prolonged use of negative pressures above 
10 cm. of water are dangerous. Owing to the fact that infants are 
almost certain to have excess mucus and fluid in the bronchi, it. is 
imperative that they be inclined at an angle of from 10 to 20 degrees 
and the position changed frequently. A rate of about 35 per minute 
is apparently satisfactory. 
SUM MARY 


1. Clinical and postmortem data for two adults and six infants 
treated for respiratory failure in the Drinker respirator are given. 

2. These data show that for long periods the respirator should be 
used with as low negative pressures as possible, not more than 23 em 
of water for the adult and 10 em. of water for the infant 

3. Patients with the combination of an exudative process in the 
lungs and respiratory paralysis make little progress when placed in 
the respirator. At autopsy they show hemorrhagic lesions which. in 
our opinion, may have arisen following bronchiolar plugging and 
atelectasis. Such patients should always be treated in the head-down 
position and changed from back to side if it is possible to do so. 


4. Infants should not be subjected to negative pressures greater 


than 10 cm. of water for long periods, and they should invariably he 


treated with the head down at an angle of from 10 to 15 degrees. 


5. Experiments on animals that bear on these points are discussed 


ANEMIA ASSOCIATED WITH CHRONIC DYSENTERY 
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In a previous paper! we emphasized the importance of nutritional 
disturbances in the production of anemia in patients with chronic 
dysentery. In studying further a number of these patients, we were 
impressed by the similarity between many of the clinical features 
observed and those which are said to be characteristic of pernicious 
anenua. In this paper, we present our clinical observations and discuss 
the cause and treatment of the anemia encountered in a group of sixteen 
patients. 

METHODS OF STUDY 

All of the patients were studied while resident in the Peiping Union 
Medical College Hospital. The diagnosis of chronic dysentery was 
made on a basis of the clinical history, including the course of the 
disease, the observation of characteristic ulcers in the colon on sig- 


moidoscopic examination and from cultivating dysentery bacilli from 


the stools. The red blood cells were counted in the usual way, and 
the hemoglobin content of the blood was determined in a Sahli hemoglo- 
binometer that had been standardized with the oxygen capacity method, 
so that 100 per cent was equal to 17 Gm. of hemoglobin per one hundred 
cubic centimeters of blood. The reticulocytes were counted, the dry 
smear technic being used. Gastric analyses were done following the 
injection of 0.5 mg. of histamine, and the highest acid value obtained 
during the test was noted. In case no free acid appeared following the 
injection of histamine, the test was repeated at various intervals during 
the course of the illness to determine whether or not the ability of the 
stomach to secrete acid changed. The diameters of the erythrocytes were 
obtained by direct measurement of 500 cells, an ocular micrometer that 


* Submitted for publication, Sept. 15, 1930. 

*From the Department of Medicine, Peiping Union Medical College. 

1. Keefer, C. S.; Huang, K. K., and Yang, C. S.: The Importance of 
Undernutrition in the Production of Anemia Associated with Chronic Dysentery 
and Tuberculosis of the Intestine, Nat. M. J., China 15:743, 1929. 


= 


KEEFER ET AL—ANEMIA WITH CHRONIC DYSENTERY — 437 


had been properly calibrated being used. The Price-Jones curves were 
plotted from these data. The treatment of the patients varied according 
to individual circumstances. In the early part of our investigations, 
when we were more conservative, we used transfusion of blood as a 
therapeutic measure. In some cases, other forms of therapy were 
instituted immediately, because the patients were very ill, while in others, 
a control period was observed before special therapy was begun. When 
liver extract was given, the product manufactured by the Parke, Davis 
Company was used in amounts equivalent to 300 or 500 Gm. of whole 
liver a day. When whole liver was given, it was mixed with rice or 
soup. Iron was administered in the form of pills of ferrous carbonate, 
U.S. P., in amounts varying from 0.9 to 4.8 Gm. daily. 


INCIDENCE OF ANEMIA IN PATIENTS WITH DYSENTERY 

While anemia has been recognized as a complication of dysentery 
and reported by Seyderhelm,? Lepehne,’ Od6cstrich,* ourselves and 
others, most of the reports have been of small groups of cases. To 
gather information regarding the presence of anemia in patients with 
dysentery observed in our medical clinic, we studied the clinical records 
in 350 proved cases. The results are tabulated in figure 1. The cases 
were divided into two groups: those with chronic dysentery (group A) 
and those with acute dysentery (group B). Those in group A had had 
symptoms of dysentery for two months or longer, while those in group 
B had had symptoms for less than two months. While we appreciate 
the difficulty of attempting to classify one case as acute and the other as 
chronic, and separating them on a basis of the duration of the illness 
being under or over two months, we selected this period of time as the 
dividing line because fifteen of the sixteen patients studied had anemia 
associated with active dysentery for over two months. We believed, 
therefore, that if other cases were to be compared, it would be desir- 
able to divide the cases in this way. Figure 1 shows that anemia was 
more common in group A than in group B. The various factors that 
explain this difference will be discussed. 


REPORT OF ILLUSTRATIVE CASES 


CasE 1—A man with chronic dysentery, anemia, atrophy of the papillae of 
the tongue, normal gastric acidity and no signs of degeneration in the central ner- 
vous system improved remarkably following liver extract. The anemia improved, 
and the tongue became normal in appearance. 


2. Seyderhelm, R.: Die Pathogenese der pernizidsen Andamie, Ergebn. d. inn 
Med. u. Kinderh. 21:361, 1922. 

3. Lepehne, G.: Zur Frage der intestinale Genese der pernisi6zen Andmie, 
Med. Klin. 21:205, 1925. 

4. Oestreich, Carl: Ueber die Haufung der Falle yon Anamia_perniziésa, 
ire Ursache und einige prinzipielle Gesicht-punkte, Krankheitsforschung 2:389, 
1926, 
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History.—A soldier, aged 23, was admitted to the hospital on account of diar- 
rhea of two and one half months’ duration. For several months previously he 
had suffered from excessive exposure to cold and was unable to obtain adequate 
amounts of food. His diet had consisted of bread, vegetables and noodles. He 
was unable to obtain meat. Otherwise his personal history was unessential. 


HB. B 


ees 


10 


Fig. 1—Group 4 represents the hemoglobin content of the blood of patients 
with dysentery of more than two months’ duration; group B, the hemoglobin con- 
tent of patients with dysentery of less than two months’ duration. Each dot 
represents the hemoglobin content of one patient. 


Ten weeks before coming under observation he began to have severe general 
ized abdominal pain and diarrhea associated with tenesmus. The stools were o! 
thin consistency and contained moderate amounts of mucus streaked with blood 


The bleeding was never excessive and was present for only the first two weeks 
of his illness. He had lost weight and strength, and for several weeks had noticed 


increasing pallor and breathlessness on exertion. 
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Examination.—On examination, the patient was found to be afebrile and men 
tally clear, but emaciated and pale. There was neither edema nor jaundice. The 
skin was normal. The eyes were normal in appearance, and the pupils active. 
[he ocular fundi showed marked pallor with numerous retinal hemorrhages about 


the disks and in the region of the macula. There were irregular patches of 


exudate in the lower temporal field of the left eye and the upper nasal field of 
the right eye. The mucous membranes were pale, and the nose and throat were 
normal in appearance. The tongue presented an interesting picture, as the normal 
gray coating was absent. The median surface of the anterior two thirds was 
quite smooth, and the papillae had completely disappeared. At the margins a 
few small filiform papillae could be seen. The tongue had never been sore or 


painful, and no symptoms suggesting stomatitis or glossitis had been manifested 


oi a patient with chronic dysentery and anemia, show- 


the rapy. The reticula vt 


tes increased in spite of the presence of 


vement alter treatment with liver ex 


nd iron therapy 


ower and sensations were 
10rmal. The lower colon was examin 
be pale a cover in numerou 
membrane 


not 


leukox y 


‘ DAY OF OBSERVATION 
| | 
* 
* 
: 
Fig. 2 (case 1).—Chart of 
ing marked improvement f S, 
hemoglobin and erythrocy ii ES severe diarrhea. 
Following the maximum impr act, the patient 
ecovered gradually on iron, and whole liver and Zi. 
he organs otf the neck were normal. The heart and lungs were clear. The 
momen was OCCT alciy ed, and on palpation tender css Was pre sci over 
the ascending and descending colon. The liver, spleen and kidneys were not 
palpable. The extremities were normal. There were no demonstrable changes 
Scrapings trom the ulcers dim reveal Amoeba histolytica, but bacteriologic 
ultures showed both mannite-fermenting and the Shiga type of dysentery bacilli. 
Examination of the blood showed: red blood cells, 600,000 per cubic milli 
meter; hemoglobin, 16 per cent; EEMtes, 4,350 per cubic millimeter, with 4% 
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per cent polymorphonuclears, 45 per cent lymphocytes and 7 per cent monocytes. 
The bleeding and clotting times were normal. The icterus index was normal. 
The platelets were reduced to 140,000 per cubic millimeter. The hematocrit 
reading revealed only 7 per cent cells, and the volume index was 1.15. The 
stained smear showed a marked variation in the size and shape of the erythro- 
cytes. The reticulocytes were 1.8 per cent, and 3 nucleated red blood cells were 
seen in counting 300 nucleated cells. When the diameter of 500 erythrocytes 
was determined by the direct micrometer method, it was found that the average 
diameter was 6.04 microns. The Price-Jones curve showed a shift to the left. 
The Wassermann and Kahn reactions of the blood were negative. The total 


8 9 10 


SIZE OF RBC MICRON 


Fig. 3 (case 1).—Price-Jones curves of the blood. Curve B represents the 
size of the red blood cells before treatment and curve C after recovery from the 
anenia. Curve ./ is an average normal curve. 


serum protein was 4.5 per cent. The indirect van den Bergh reaction was 1.3 
units. The nonprotein nitrogen was 19 mg. per hundred cubic centimeters of 
blood 

The stools were liquid and varied from ten to thirteen a day. They contained 
mucus, red blood cells and leukocytes. On bacteriologic examinations B. dysen- 
teriae of the mannite-fermenting and Shiga variety were found. The urine was 
normal. A teleoroentgenogram of the heart showed it to be of normal size, and 
the electrocardiogram showed a normal mechanism. The gastric analysis showed 
24 per cent free hydrochloric acid, with a total acidity of 42 per cent after injec- 
tion of histamine. The course of the red blood cells, hemoglobin and _ reticulo- 
cytes can be followed in figure 2. The Price-Jones curves made at different 
intervals during the period of observation are shown in figure 3. A photomicro 


25 \; 
N 
20 \ 
\ 
: 15 
| 
4 5 6 7 ee 


~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 


-ANE 


AL— 


KEEFER 


| SENT ER) 44] 
0 
° 
ee” 
SO, 
eo 
€ 


442 ARCHIVES OF INTERNAL MEDICINE 


graph of the blood on admission may be found in figure 4.4, and figure 4B shows 
the shower of reticulocytes following treatment with liver extract. 

Course of Ilmess Following Treatment.—The patient was kept at rest in bed 
He was placed on a diet of milk and liver extract given in amounts equivalent 
to 500 Gm. of whole liver daily. In spite of the persistence of the diarrhea, the 
hemoglobin and red blood cells increased rapidly, and the reticulocytes were 
increased to 38.4 per cent within ten days of the beginning of treatment. During 
this time the papillae of the tongue returned, and the normal gray of the surface 
reappeared. The change in the appearance of the tongue is illustrated in figure 5. 
During this time the patient lost 10 pounds (4.5 Kg.) in weight. After twenty 
days, the blood count became stationary and the reticulocytes were normal by the 
twenty-sixth day. Iron was then substituted for the liver extract. It was given 
in the form of 4.8 Gm. of ferrous carbonate pills daily. After twenty-two days 
on this treatment there was slight improvement, and liver extract was again 
added to the diet. Later whole liver was substituted for the liver extract. The 
diarrhea gradually disappeared, the blood count and hemoglobin returned to 
normal, the weight of the patient increased 20 Kg., and he appeared normal. 


Fig. 5 (case 1)—Tongue of the patient with anemia associated with chronic 
dysentery. Note the atrophy of the papillae of the median surface of the tongue 
in A. The condition of the tongue following recovery from anemia is shown 
in B. 


Comment.—A young man who had been on an inadequate diet 
suffered from chronic bacillary dysentery. Physical examination 
revealed hemorrhages in the eyegrounds, atrophy of the papillae of the 
tongue, severe anemia, leukopenia and reduction in the number of 
platelets. The red blood cells were smaller than normal, and there were 
only a few reticulocytes and an occasional nucleated erythrocyte. There 
was no alteration in gastric secretory function, and examination of the 
central nervous system revealed nothing abnormal. On treatment with 
liver extract, the anemia improved, the reticulocytes increased, the 
tongue became normal in appearance, the average diameter of the red 
cells increased, the platelets increased, the white blood cells became 
normal, and the retinal hemorrhages disappeared. The patient continued 


to improve gradually, gained 10 Kg. in weight and was discharged as 


well. 
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2—A young man, aged 22, wit hronic bacilla 


anemia, edema disease, normal gastric acidity, normal 

nervous System, recovered spontaneously on a hospital diet 

History.—A shoemaker was admitted to the hospital complaining of diarrhea 
He had always enjoyed good health. Four months before entrance he began t 
have diarrhea, and the stools contained some mucus streaked with blood Phe 
acute symptoms persisted about two weeks, and then the illness was characterized 
by a persistent diarrhea without blood or mucus in the stools. As a result of 
this malady, the patient lost weight and strength, and twenty days before admis- 
sion he began to notice swelling of the lower extremities and face. His diet had 
consisted of vegetables, wheat cakes and steamed bread. He had not eaten meat 
for approximately six months. The only feature of interest in his previous his- 
tory was an attack of dysentery eighteen months previously. 


DAY OF OBSERVATION 
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6 (case 2).—Chart of a patient with hyperchromic anemia associated with 


mic dysentery and edema, showing the course of recovery on hospital diet. 


Examination—On examination, it was found that he had a generalized ana 
sarca. The face, the wall of the chest, the back and legs were swollen and showed 

ing on pressure. There was no demonstrable fluid in the serous cavities 
he mucous membranes were pale, the eyes normal and the pupils active. The 
ongue was normal in appearance. The organs of the neck, the heart and _ the 
lungs were normal. The liver and spleen were not enlarged. Examination of 
the reflexes and the different modalities of sensation revealed nothing abnormal 
Sigmoidoscopic examination of the colon showed a number of ulcers from which 
B. dysenteriae were cultured. Gastric analysis following the administration of 
histamine showed a free acidity of 38 per cent and a total acidity of 59 per cent 

Examination of the blood revealed: erythrocytes, 2,750,000 per cubic milli 
meter; hemoglobin, 72 per cent; color index, 1.25; reticulocytes, 4 per cent; white 
blood cells, 12,250. The Price-Jones curve showed a spreading of the base of the 
urve and a shift to the right of the normal curve (curve B, fig. 6). The Was 
sermann reaction of the blood was negative The urine was clear and did not 
how albumin. 
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Course of Illness —Following the ordinary hospital diet, which consists of 
approximately 72 Gm. of protein, 42 Gm. of fat and 345 Gm. of carbohydrate, 
the patient recovered slowly. The edema disappeared, and the erythrocyte count 
and the hemoglobin content of the bleod returned to normal in fifty-eight days 


The changes in the blood can ke followed in figure 6. 


Comment.—A man who had been on an inadequate diet developed 


dysentery, hyperchromic anemia and edema. Following an adequate 
diet, the edema disappeared, and he recovered from the anemia. 


CaseE 3.—A man with chronic dysentery, intestinal polyposis, stricture of the 
colon and diarrhea, developed marked undernutrition, pellagra and severe anemia. 
Vo improvement oj the anemia resulted following the administration of liver 
extract; remarkable recovery resulted after whole liver and iron were given. 

History.—The patient was admitted to the hospital on account of diarrhea, 
weakness, numbness of the legs and the presence of an eruption over the backs 
of his hands. He was a cart driver and a vegetarian. His food consisted chiefly 
of millet and salted vegetables. The present illness began one year before admis- 
sion with an attack of acute diarrhea and high fever. The stools contained mucus 
streaked with blood. The diarrhea persisted, and six months later he became 
bedridden. He lost weight and became progressively weaker. The legs were 
numb, and an eruption appeared over the dorsa of the hands. 

Examination.—On examination, the patient was found to be extremely weak, 
emaciated, pale and somewhat confused mentally. The skin was dry and _ scaly. 
The tongue showed a superficial glossitis, with accentuation of the fissures. Over 
the dorsal surfaces of both hands was an eruption characteristic of the lesions of 
pellagra. The lesions were almost mirror images, distributed symmetrically, with 
patches of hyperpigmentation. There were no lesions about the neck, feet or 
genitalia. The lungs were clear. The heart was not enlarged, and the sounds 
were normal. The abdomen was moderately distended. The spleen was_ pal- 
pable below the costal margin, but the liver could not be felt. There was some 
tenderness over the sigmeid colon in the left lower quadrant, but no definite 
masses were felt. There were signs of a mild peripheral neuritis over the legs. 
The Wassermann reaction was negative. The gastric analysis following the 
histamine test showed a low gastric acidity with a free acid of 6 per cent and 
a total acidity of 18 per cent. There was a severe anemia; its course can be 
followed in figure 7. The sigmoidoscopic examination showed some narrowing 
of the lumen of the rectum and sigmoid with many ulcers and polypi. In other 
words, a picture characteristic of a long-standing, ulcerative colitis was present. 

Course of Illness—TYhe patient was given the usual hospital diet supplemented 
with fresh cow’s milk, yeast and tomato juice. There was no improvement. in 
the anemia following this diet. Practically no improvement followed the addition 
of liver extract or whole liver. However, when iron was added to the whole 
liver, the improvement of the anemia was striking. The patient's general condi- 
tion improved; he gained weight, the diarrhea diminished, the signs of peripheral 
neuritis gradually disappeared, and the skin resumed a normal appearance. 


Case 4.—A man with chronic dysentery developed anemia and recurrent attacks 
of glossitis, with papillary atrophy. Moderate improvement followed administra- 
tion of liver extract and tron, with the disappearance of glossitis and the reap- 
pearance of the papillae of the tongue. The anemia improved gradually. 
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History—A man, aged 38, was admitted to the hospital on account of 
One year previously, he had beeuw 
Several weeks 


ring attacks of sore mouth and diarrhea. 
have an intermittent diarrhea, which persisted until admissi 
before he entered the hospital, the diarrhea became much more seve 


Soon after the onset of the disease he beg: 


re, and blood 


and mucus appeared in the stools. 
to have attacks of stomatitis 
a sensation of burning and pain on mastication. 
noticed progressive weakness, but had never been confined to bed 


and glossitis. These attacks were associated 


For several months he 


1on,—On examination, he appeared somewhat weak and pale 
The tongue was large, red and smooth. The papillae had 


jaundice. 
thirds of the tongue, leaving a 


appeared from the anterior two 
The mucous membranes were red, but there were 1 


The abdomen was slightly distended, 


smooth. 


ulcers Th 
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History —A man, aged 46, was admitted on account of recurrent attacks of 
diarrhea of seven years’ duration. The attacks usually occurred in the summer 
months and were associated with tenesmus, abdominal pain, nausea and vomiting. 
For two years, the diarrhea had been more or less continuous, and the frequency 
of the stools had increased shortly before entrance. For several months he had 
noticed progressive pallor, dizziness and tinnitus. His personal history was 
inconsequential. 

E-xaminationn—On examination, the patient was found to be undernourished 
The skin was normal in appearance, and there was no jaundice. The 
eyegrounds were normal. The mucous membranes were pale. The tongue was 
smooth and shiny, and there was a complete atrophy of the papillae in the central 
portion of the anterior two thirds. The organs of the neck, the heart and the 


and pale. 
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Fig. 8 (case 4).—Chart of a patient with anemia, glossitis and gastric ana- 


cidity, who showed gradual recovery from the anemia following the administration 


of liver extract and iron, and whole liver and iron. 


lungs were normal. There was slight tenderness over the descending colon. The 
liver and spleen were not palpable. The extremities appeared normal. The knee 
and ankle jerks were absent, and there was definite ataxia when the knee-heel 
test was performed. There was a loss of vibratory sense below the knees, and a 
loss of sense of position of the toes. On sigmoidoscopic examination of the colon, 
numerous small ulcers were found, and B. dysenteriae were grown from the scrap- 
ings. Gastric analysis following the histamine test failed to reveal acid in the 
gastric contents. The urine was normal. 

Examination of the blood revealed 3,000,000 erythrocytes, 50 per cent hemo- 
globin and 0.5 per cent reticulocytes. No nucleated cells were seen. The average 
diameter of the red cells was 7.3 microns. The Price-Jones curve showed prac 
tically a normal curve with a slight widening of the base and a shift to the right 
The Wassermann test of the blood was negative. The stools were liquid in 
consistency and contained mucus and a few red blood cells. 
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Course of Illness —On rest in bed, hospital diet and treatment of the dysentery 
by means of irrigations of the colon using Dakin’s solution, the patient's general 
condition and dysentery improved. The course of the blood can be followed it 
figure 9. There was improvement of the anemia without the addition of liver 
extract or iron to the therapy. Later, liver extract, alone and in combinatio1 
with iron, was added, and the red count and hemoglobin returned to normal. As 
the patient improved, the tongue became normal in appearance, and the papillae 
returned. The stomach also regained the ability to secrete free acid following 
the injection of histamine. The sensory disturbances over the legs became less 
marked, but the knee and ankle jerks continued to be absent. On discharge from 
the hospital the patient appeared quite normal. 

Case 6.—A boy who had lived on a poor diet developed dysentery, anemia and 
edema. Improvement in the anemia followed iron therapy. 

History —A pedler, aged 18, was admitted to the hospital on account of diar- 
rhea which had been present for two months. Before the onset of the illness. he 
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Fig. 9 (case 5).—Chart of a patient with anemia associated with chronic 
dysentery, temporary gastric anacidity, a smooth tongue ; ! f subacute 
‘ombined sclerosis, who showed moderate improvement on a ho pital diet and 


gradual recovery following the administration of liver extract 
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contain albumin. The stools were liquid and contained some mucus and red and 
white blood cells. 

Examination of the blood showed: 3,250,000 erythrocytes, 5,850 leukocytes 
and 65 per cent hemoglobin, The reticulocytes were 0.8 per cent. The cells 
appeared normal in size and shape. The average diameter of 500 red blood cells 
was 7.28 microns. The Price-Jones curve (curve C, fig. 12) showed essentially 
a normal curve, with a slight shift to the right. The Wassermann reaction of 
the blood was negative. Gastric analysis after injection of histamine showed a 
normal gastric acidity, with 42 per cent free acidity and 54 combined. 

Course of Illness —On rest in bed, hospital diet and iron therapy, the anemia 
showed little tendency to improve for a period of twenty-four days. During this 
time there was little improvement in the dysentery, and the patient was very ill. 
The reticulocytes, however, increased, and later there was gradual improvement 
of the anemia. The edema disappeared and the diarrhea improved. The patient 
gained weight and appeared quite normal. The changes in the blood are shown 


in figure 10. 
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Fig. 10 (case 6).—Chart of a patient with anemia associated with chronic 
dysentery who recovered following treatment with iron. 


COMMENT 

These cases illustrate a number of interesting clinical features. We 
refer particularly to the anemia, the changes in the tongue, the gastric 
acidity and the state of the nervous system, together with conditions 
such as the deficiency disorders and the response of the anemia to 
treatment. 

The salient clinical features in all the cases are summarized in table 1 
and may be discussed in greater detail. 

Changes in the Blood —The most striking changes observed in the 
blood were those caused by anemia. Table 2 contains a summary of 
the main observations. The erythrocyte counts varied from 600,000 to 
4,000,000 per cubic millimeter, and the hemoglobin from 15 to 70 per 


cen 


1.25. 


KEEFER El 


AL—ANENMIA 


WITH CHRONIC 


DYSENTER) 


440 


t. The color index varied in the different cases between 0.6 and 


The same hemoglobinometer and counting chamber were used in 


making these determinations, so that the color indexes in the different 


cases may be compared. 


and 


Dura 


2 mo. 


4 mo. 


6-S yr.t 
relapsi 


their average 


Diet of 

Patient 

Before 
Admission 


Smooth 
Tongue 
Bread, vege- 

tables, flour 

Wheat, rice, 

water, vere- 

tables, no 

meat 

Millet, salted 

vegetable, 

no meat 

General, 

meat, eggs, 

vegetables 

General 

Chinese diet 


Rice, millet, 
corn, mutton 
occasionally 
Rice, millet, 
salt, vegetables 
Rice, bread, 
millet, no meat 
Millet, rarely 
meat and 
vegetables 
Grain powder, 
millet, salted 
cabbage 


Milk, rice, 
millet, vegze- 
table, meat 
General 
Chinese diet 


Rice, wheat, 
millet, vege- 
tables, meat 
occasionally 
Corn, millet, 
radish, soup, 
salt, vegetable, 
no meat 


diameter varied 


TABLE 1.—Summary of Clinical Data 


Special Clinieal Features 


Changes in 
the Central 
Nervous 
System 


Gastric 
Anacidity 


Peripheral 
neuritis 


Permanent 


Subacute 
combined 


Temporary 


sclerosis 


Peripheral 
neuritis 


Subacute 
combined 


sclerosis 


6.4 


between 


Nucleated erythrocytes were seen occasionally. 


extract was given for only seven days. 


and 


Anemia 


8.5 


One patient (case 14) was observed for only three weeks, 


The red blood cells varied in size and shape, 


Comment 


Pellagra: 


skin 


mucrons. 


and liver 


The response of the reticulo- 


tion 
of 
Mery 
Case Age Sex tery 
1 22 M + 
2 22 M Edema 
] 3 42 M 
4 45 M lyr. + 

6 18 M 2 mo. Edema 

7 $2 F 3 mo. Pregnancy 

a4 M 14mo. 4 

9 25 M 5 mo, 

10 16 M 18 mo. - — 

11 2 M 2 mo. - 

12 20 M 3 mo, ? 

13 2 F 2 mo. ? Kerato 
malacia 
edema 

14 M mo, 

15 2s M 6 mo, - -- - Edema 
16 14 M 1 mo. Edema 
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cytes was of interest. In a previous paper,’ two of us (C. S. K. and 


C. S$. Y.) reported that the increase of reticulocytes in the blood of 
patients recovering from various forms of anemia was dependent on 
the severity and cause of the anemia as well as on the treatment 
employed. In this group, these cells varied from 0 to 8 per cent before 
treatment, increasing after treatment to between 2 and 38.6 per cent. 
Figure 11 illustrates in a general way that the lower the number of 
red blood corpuscles before treatment was begun, the greater was the 


TaBLeE 2—Summary of Determinations of the Blood 


Hemo- Hemo- Reticuloeytes Average 
globin globin — A Diameter 
on on Before After White 
Admis- Dis- Treat- Treat Blood 
sion, charge, ment, ment, 
per per per per Color ‘ells, X Type of 
mission charge Cent Cent Cent Cent Index Microns ‘m. Treatment 


600,000 4,000,000 5 5 2 38.6 1.00 6.40 you Liver extract; 
iron 
2,850,000 4,500,000 25 8.53 2,25 Hospital diet 
2,000,000 5,000,000 35 5 be he 6.61 2,200 Liver extract; 
liver; liver 
and iron 
2,295,000 8,750,000 5 5. 3 Liver extract; 
liver extract 
and iron; 
liver and iron 
3,050,000 4,890,000 52 6 i, a 5,3 Liver extract; 
liver extract 
and iron 
2,750,000 4,250,000 : 3 5,850 Iron 
2500,000 3,920,000 3 2. } 6,700 Blood trans- 
fusion 
1,250,000 5,250,000 ‘ ‘ 97. 83 i. 2,850 Hospital diet; 
cod liver oil 
1,225,000 4,000,000 5 5 83 4,550 Hospital diet; 
cod liver oil 
1,500,000 4,000,000 8,300 Blood trans 
fusion; iron 
2,800,000 1,730,000 ‘ 6 11,000 Tron 
1,000,000 1,700,000 25 7 2 Blood trans 
fusion 
liver powder; 
iron 
1,300,000 1,200,000 7,9 Liver extract 
2,520,000 3,750,000 5 3,0 Liver ash; 
transfusion 
1,125,000 4,250,000 2 26.6 5.65 10,000 Liver extract; 
iron 


* Treated for only fourteen days 


response of the reticulocytes at the peak of the rise. The curve that 
is inserted for comparison was taken from figure 2 of the paper by 
Minot, Murphy and Stetson,” and shows the response of the reticulo- 

5. Yang, C. S., and Keefer, C. S.: The Response of the Reticulocytes in 
Secondary Anemia Following Various Forms of Treatment, Arch. Int. Med. 45: 
457 (March) 1930. 

6. Minot, G. R.: Murphy, W. P., and Stetson, R. P.: The Response of the 
Reticulocytes to Liver Therapy, Particularly in Pernicious Anemia, Am. J. M. Se 


175:581, 1928. 
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1 

1 

6 

7 

9 

10 

12 

13 

14* 

15 

16 


AL—ANEMIA 


cytes at different levels of the erythrocytes in patients with pernicious 
anemia following the administration of 300 Gm. of liver or kidne\ 
This curve was chosen because when liver was given to our patients, it 
Was given in amounts of 300 Gm. or its equivalent in liver extract 
We should like to emphasize that this response on recovery occurred 
following different forms of treatment and was not characteristic of 
any particular kind of therapy. 

lariation in Size of Red Cells and Price-Jones Curves—When the 
diameter of the erythrocytes was measured, and the results plotted 


Fig. 11.—This chart illustrates the height of the reticuloc yte response at dif 


ferent levels of erythrocytes during recovery. TI urve which has been inserted 
> 


was taken from figure 2 of the paper by Minot, Murphy and Stetson (The 


Response of the Reticulocytes to Liver Therapy, Particularly in Pernicious Anemia 
Am. J. M. Sc. 175:581, 1928), and represents the 7 


reticulocytes in patients with pernicious anemia following the ad 


average response otf the 
Iministration of 
300 Gm. of liver < day. The retic uloc yte response in our patients occurrs d 
regardless of therapy em 


Ipioved, 


according to the method of Price-Jones, it was found that three general 
groups existed: cells with an average diameter less than the normal. 
cells of normal diameter and those with a diameter larger than normal 
In some cases there was a shift of the erythrocyte curve to the left of 
the normal curve (D-E, fig. 12); in others the curve followed that of 
normal blood (C-F), and in others the curve shifted to the right (PB) 
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In some, there was also a widening of the base of the curve. In figure 
12 it may be seen that when the cells were smaller than normal before 
treatment, they approached the normal size during recovery. The same 
was true of the reaction of the large cells. It is noteworthy that these 
variations were wide, and no one type of reaction was observed. A few 
of the curves in which these differences may be observed have been 
plotted in figure 12. 

Gastric Analysis——The results of the examination of the gastric 
juice following the injection of 0.5 mg. of ergamine are summarized in 


PER CENT 


SIZE OF RBC 


Fig. 12.—Price-Jones curves of a few of the cases studied. Curve 1 is the 
normal curve; curve B is from case 2; C is from case 6; J) is from case 13, E is 


trom case 3 and F is from case 14. 


table 3. Three patients had gastric anacidity. In two, it was permanent, 
and in the other it was temporary. In the remainder, the gastric secre- 
tion was normal. These observations were of interest, since the relation- 


ship between alterations in gastric function and the development of 


anemia is of considerable importance in the study of all maladies asso- 
ciated with anemia, and it is necessary to have information of this kind 
in order to correlate the various features observed. 

Atrophy of the Papillae of the Tongue—One of the outstanding 
clinical features that we observed in seven of these patients was atrophy 
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of the papillae of the anterior two thirds of the tongue. The natural 


history of the development of this condition is not known, since it was 
This patient had had 


an asymptomatic process in all but one patient. 
recurrent attacks of glossitis and stomatitis, and at the time of admis- 


sion to the hospital he complained of pain during mastication. The 
tongue was large and smooth in the median part. The edges were quite 
red, with prominence of a few of the papillae. There was no ulceration, 


TaBLe 3—Summary of the Gastric Analyses Follo 


Free Acidity, Total Acitity, 
‘ubie Centimeter Cubie Centimeter 
per Cent, per Cent, 
Tenth-Normal Tenth Normal! 
Number of Hydrochloric Hydroehlorie 
Observations Acid Acid 


but there was complete absence of the 


the tongue. In the other patients, the deg: 
from a complete absence of all of tt 


the central part of the tongue. 


patients were put on 


first, at the edges of the tongue and later in 

more prominent, the normal gra 
The atrophy of the papillae was not perman 
fi the tongues of 


»bserved. Photographs Ot Ui 
] 


in figures 13 and 14 


Case 
= 
» 
1 
l4 
4 
©... . 4 
67 
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2 $4 
papiliae in the central part of 
ree of papillary atrophy varied 
to an atropn I tnose it 
Within from eight to ten da Sear th 
Irom eign » alte rit 
CC—CsSCCis uate diets. the papillae began to reappear. at 
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Fig. 13 (case 8)—Tongue of the patient: 4A shows the complete atrophy of the papillae 
before treatment, and B, the normal appearance of the tongue following the patient’s recovery. 


Fig. 14 (case 5).—Tongue of the patient: 4 shows the atrophy of the papillae before 
treatment, and B, the condition of the tongue following treatment. 
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Changes in the Central Nervous System.—TIn four of the patients 
studied, abnormal changes in the nervous system were demonstrated. 
In two, there was a peripheral neuritis, and in the others the signs of 
subacute combined sclerosis were present. In one of the latter patients, 
who was observed for a period of eighty days, the signs became less 
marked, but the signs of degeneration in the posterior column were 
still present on discharge from the hospital. The two patients with 
peripheral neuritis recovered completely. 

Miscellaneous Associated Conditions —By associated conditions we 
refer to the edema that was present in six patients, keratomalacia in 
one, pellagra in one, hemorrhages in the ocular fundi in two and to 
changes in the skin, such as hyperkeratosis follicularis. 

The diagnosis of “edema disease’ was made on a basis of the 
presence of edema without other signs of cardiac insufficiency or renal 
disease and the presence of a low amount of serum protein in the blood. 
We observed a number of patients with this condition, in many 
instances not associated with anemia; in our experience, however, it 
has always been associated with a low, total serum albumin. This con- 
dition is a deficiency disorder due to a faulty diet, and it occurs fre- 


quently in patients with a disease process that interferes with normal 


nutrition. 

Keratomalacia is seen not infrequently in patients with acute and 
chronic dysentery. This question has been discussed recently by Weech* 
and Pillat.s It is due to a lack of vitamin A and usually heals after 
administration of cod liver oil. 

Pellagra has been observed and previously reported as a complication 
of dysentery. It usually appears after the dysentery has been present 
for a long time, and it responds to proper diet. 

Hemorrhages into the retina in the absence of other hemorrhagic 
phenomena were observed twice. They occurred in patients who had 
severe anemia and disappeared following recovery. This observation 
is of interest, since it is usually stated that hemorrhages into the retina 
are fairly common in so-called pernicious anemia and uncommon in 
patients with other forms of anemia unassociated with hemorrhagic 
phenomena. It appears to us that hemorrhages depend somewhat on the 
severity of the anemia rather than on its cause, since we have also 
observed many retinal hemorrhages in patients with severe posthemor- 
rhagic anemia due to bleeding hemorrhoids. This question requires 
further observation. 


7. Weech, A. A.: The Association of Keratomalacia with Other Deficiency 
Diseases, Am. J. Dis. Child. 39:1153 (June) 1930. 

8. Pillat, A.: Does Keratomalacia Exist in Adults? Arch. Ophth. 2:256 
(Sept.) 1929, 
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The lesions in the skin were of particular interest. We observed 
hyperkeratosis follicularis in three patients. These lesions are being 
studied in detail by Frazier and Hu,” who will describe them in detail 
elsewhere. In most instances these lesions disappear following recovery 


from the malnutrition. 
Response of Anemia to Treatment——The treatment employed in 
these patients varied considerably, depending on the patient’s general 


Taste 4—Summary of the Patient’s Response to Treatment 


Reticulocytes 
Rate of Following 
Hemoglobin Various 
Regeneration, Forms of 
per Centa Treatment, 
Type of Treatment I per Cent 
38.4 
2.0 
2.0 


Liver extract 

Jron 
Liver and iron 
4.0 
5.0 
1.0 
6.0 


4.0 


Hospital diet 

Liver extract 

Liver 

Hospital diet 

Liver extract 

Liver extract and iron.. 
Liver and iron 
Ifospital diet 

Liver extract 


Blood transfusion 

Hospital diet; cod liver oil 
Hospital diet; cod liver oil..... 
Blood transfusions; iron...... 


Liver extract; liver powder and iron 
Liver extract 

Liver ash 

Hospital diet 

Liver extract 

Iron 


condition. .\ summary is given in table 4. Two were treated by trans- 
fusion of blood; one was allowed to recover spontaneously on a hospital 
diet, and two were given an adequate diet supplemented with cod liver 
oil. To the other patients, liver extract and liver and iron were given 
in various combinations. 

In some of the cases described it was extremely difficult to draw 
conclusions regarding the merits of the particular form of therapy 
used. This was true because many of the patients showed a tendency 


9, Frazier, C. N., and Hu, C. H.: Personal communication to the authors. 
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to recover following an adequate diet. In some the recovery was slow, 
and in others more rapid. This was not surprising, because it was only 
natural to suppose that if the anemia was the result of a faulty diet, 
improvement would follow an adequate diet. However, when one 
attempts to determine the exact nature of the substances responsible 
for the recovery of these patients, the problem is extremely difficult, 
since all of the essential substances necessary for hemoglobin synthesis 
are not known, and their distribution in the various food substances is 
incompletely understood. We felt that if we were able to show that 
regeneration of the hemoglobin could be accelerated by the addition to 
the diet of substances such as liver extract, liver or iron, which are 
known to be essential for the formation of hemoglobin, and if this was 
accompanied by an increase in the reticulocytes, we would be able to 
draw conclusions regarding the value of these substances. In analyzing 
the results with these points in mind, it is clear that no one particular 
kind of therapy was effective in producing acceleration of the regenera 
tion of hemoglobin in all cases. In some liver extract was beneficial, 
in others iron, and at time improvement followed the presence of both 
substances. 
THE CAUSE OF THE ANEMIA 


In considering the cause of the anemia in these patients our attention 
was directed to three factors: the disturbance in nutrition, hemorrhag« 
from the intestine and infection. 

The Disturbance in Nutrition—It was natural that our attention 
should be directed to the disturbance of nutrition in studying the cause 
of anemia in these patients, as they all showed a process that interfered 
with nutrition, and most of them had been on an inadequate diet before 
coming under observation. The anemia in some was associated with 
deficiency disorders such as keratomalacia, edema or pellagra. This idea 
gained further support when the anemia improved following an adequate 
diet, or after substances known to accelerate hemoglobin regeneration 
were added to the diet. This occurred in spite of the persistence of the 
infection and slight loss of blood in the stools. 

In considering the factors that were responsible for the nutritional 
disturbance, the first of importance was the diarrhea. But since we 
found that only a certain number of patients with chronic diarrhea had 
anemia (fig. 1), it was difficult to explain all of the cases on this basis, 
and we felt, therefore, that other factors were necessary for its develop- 


ment. Ina previous paper '° two of us (C. S. K. and C.S. Y.) reported 


cases in which an inadequate diet was responsible for severe anemia, 
and as a result of these observations, the dietary habits of the patients 


10. Keefer. C. S.. and Yang, C. S.: Anemia of Undernutrition: Report 
Cases with Results of Treatment, Nat. M. J.. China 15:701, 1929 
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whose cases are presented in this paper were studied. When investi- 
gating the diets of patients with dysentery, it is of importance to deter- 
mine the quality of the diet consumed before and after the onset of the 
diarrhea, because many patients who have been on adequate diets before 
the onset of dysentery consume totally inadequate diets after its develop- 
ment. In fact, the restricted dietary treatment of many patients with 
chronic dysentery often leads to the development of deficiency diseases. 
This question was discussed by Crohn,'! who reported keratomalacia 
and anemia in patients who had been treated for chronic ulcerative 
colitis by a restricted diet. One need only recall the frequency with 
which deficiency disorders occur in patients with all forms of chronic 
diarrhea to be reminded of the importance of adequate nutrition in the 
treatment of these patients. It is not always clear, however, whether 
the inadequate diets begin before or after the onset of the illness, but 
from a study of our cases it appears that either may be the case. 

Jefore we consider the diets of the patients whom we observed, it 
is well to recall the composition of the ordinary diets of the Chinese 
people. The recent studies of Wu and Wu" are of great importance 
in this connection. In an extensive survey of the foodstuffs contained 
in the ordinary diet of several groups of the so-called middle class 
Chinese in Peiping, they pointed out that while the diet of the average 
Chinese was adequate in fuel value, it was suboptimal in proteins and 
vitamins A and D, probably adequate in vitamins B and C and low in 
calcium and phosphorus. The fat intake was low, and the carbohydrate 
consumption relatively high. They also presented evidence of the pre- 
valence of deficiency diseases, and emphasized that there were probably 
many cases of mild deficiency that were not recognized. These facts 
also explain the frequent occurrence of deficiency disease in patients 
who have maladies that interfere with normal nutrition. 

The diets of the patients whom we studied are summarized briefly 
in table 1. It was impossible to obtain information regarding the quan- 
tity of the various foodstuffs consumed, but it is readily seen that the 
quality of the food was below the average. In three of the patients 
(cases 4+, 5 and 14), the diet was a general one and seemed adequate 
in fuel value. It was of interest to note that these patients had gastric 
anacidity. In one, it was only temporary, while in the others it was 
permanent. It is likely, therefore, that this was a contributory factor 
in the development of the anemia. If the inadequate diets were respon- 
sible in part for the development of anemia, the correction of the diet 
should have been followed by an acceleration of the regeneration of the 

11. Crohn, B. B.: Ocular Lesions Complicating Ulcerative Colitis, Am. J. M. 
Se. 169:260, 1925. 

12. Wu, Hsien, and Wu, D. Y.: Study of Dietaries in Peking, Chinese J. 
Physiol., Report Series no. 1, 1928, p. 135. 
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hemoglobin, and this we found to be the case in some instances. In 
others, improvement followed the administration of substances that 
accelerate the formation of hemoglobin, and this occurred in spite of 
the persistent diarrhea. 

Hemorrhage —When anemia and ulceration of the intestine coexist, 
one naturally suspects that the loss of blood from the intestine is a con- 
tributory factor toward the anemia. In the patients under discussion, 
there was no history of a loss of a large amount of blood, and we never 
observed extensive hemorrhages. However, blood was found in the 
stools On microscopic examination, so that a certain amount of blood 
was lost in this way. The anemia that was present was out of propor- 
tion to the amount of blood lost, and improvement followed adequate 
treatment, in spite of the fact that blood continued to be present in the 
stools. It would seem, therefore, that the loss of blood from the intes- 
tinal tract was a contributory factor in the production of anemia, but 
that it was not the essential one. 

Infection —The importance of the dysentery in the production of 


anemia remains to be considered. Its relative importance is difficult 


] 


were 
tO CVa 


uate, except that the localization of the infection was such that 
it caused lesions that interfered with nutrition. As anemia was not 
present in all patients with chronic dysentery and since many patients 
improved in spite of the persistence of the infection, and we were unable 
to find any evidence of increased destruction of the blood, we 
there was no evidence that the infection itself played an important part 
in the production of the anemia, in the sense of bacterial intoxication. 
The anemia that was present in these patients was apparently due 
to disturbances in nutrition that were brought about by two principle 
factors: (1) a process that interfered with nutrition (diarrhea and 
intestinal ulceration) and (2) a faulty diet. Other contributory factors, 
such as hemorrhage from the intestine, infection or gastric anacidity, 
re of minor importance. These conclusions were supported by the 
fact that all of the patients had chronic diarrhea, which led to under- 
nutrition ; that most of them were on inadequate diets prior to admission 
to the hospital; that several had associated deficiency diseases, such as 
keratomalacia, pellagra and edema, and that the anemia tended to dis 
appear when the patient was placed on a liberal diet supplemented by 
various substances known to accelerate the formation of hemoglobin. 
The increase in hemoglobin occurred in spite of the persistence of the 


' 


infection and the loss of blood in the stools. 

While the nature of the deficiency that was responsible for the 
anemia in these patients is unknown, we can state as a result of our 
observations that the deficiency was not the same in every case. There 
are good reasons why this should be so. In the first place, we wish to 
point out that when a diet is deficient in one substance, it is usually 
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deficient in others. The results of deficiency of single foods may be 
observed in animals after the diets have been carefully planned, but such 
conditions practically never exist in man. When studying patients with 
deficiency disorders it is not uncommon to find multiple deficiencies in 
the diet and their results in the same person. This was true of the 
patients studied. Moreover, the response of the patients to treatment 
indicated that no one form of therapy was effective in all. In some 
cases, liver extract was beneficial, whereas in others it was of no 
demonstrable value. In a few, iron was of distinet value, and in others 
its value was questionable. If we assume that both iron and other sub- 
stances, such as the potent material in liver extract and liver, are neces- 
sary for the synthesis of hemoglobin and that a deficiency in either may 
result in anemia, it is not surprising that some cases of anemia respond 
to one and not to the other. From these facts, one might justifiably 
conclude that the anemia we observed was not always due to the same 
cause, 

It also may be added that the nutritional disturbances in these 
patients were associated with factors that contributed to the anemia, 
namely, loss of blood and infection, and that these conditions may 
account in part for the irregular responses we observed. 

In our present state of knowledge, it is impossible to predict which 
form of therapy would be most effective in the treatment of these 
patients. Since the cause of the anemia seems to be different in the 
various cases, and since we have no method available for recognizing 
these various deficiencies, other than the response to treatment, addi- 
tional information regarding these complex conditions must be collected 
before more definite conclusions can be reached. 


RELATIONSHIP) BETWEEN CLINICAL FEATURES OBSERVED IN THESE 
PATIENTS AND THOSE SEEN IN PERNICIOUS ANEMIA 

The striking similarity between the clinical features observed in some 
of these patients and those seen in so-called pernicious anemia requires 
special comment. We refer to the changes in the tongue, the blood and 
the nervous system and the response that some of the patients showed 
following treatment with liver extract. 

Changes in the Tongue—Atrophy of the papillae of the anterior 
two thirds of the tongue occurs in pernicious anemia, sprue, dysphagia 


associated with anemia '* in some patients with pellagra, infestation with 


hookworm and anemia! and following partial gastrectomy.’* Aside 


13. Cameron, J. A. M.: Dysphagia and Anaemia, Quart. J. Med. 22:43, 1928. 

14. Bahr, P. H.: A Report on Researches on Sprue in Ceylon, 1912-1914, 
London, Cambridge University Press, 1915, p. 40. 

15. Taylor, G. G.; Hudson, R. V.; Dodds, FE. C.; Warner, J. L., and Whitby, 
L. E. H.: The Remote Results of Gastrectomy, Brit. J. Surg. 15:641, 1929. 
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from the cases described in this paper, we have observed atrophy of the 
papillae of the tongue in patients with nutritional edema with and with- 
out anemia. This atrophy may occur with or without a preceding 
glossitis, and in most instances in which we have observed this condi 
tion it has been asymptomatic. It is a striking fact that during a remis- 
sion in pernicious anemia, the papillae may return, and the tongue then 
assumes a normal appearance. Our cases behaved in a similar manner. 
In two of our patients there was gastric anacidity ; in one it was per- 
manent, and in the other it was temporary. In others the gastric acidity 
was normal. It may be seen, therefore, that this condition of the tongue 
may occur with or without anemia and with or without gastric anacidity. 

The exact significance of these changes in the tongue is difficult to 
appreciate. However, since similar changes are seen in conditions in 
which nutritional disturbances are common, it is not impossible that they 
are the result of dietary deficiencies. Cramer has shown that there 
may be extensive atrophy of the epithelial tissues of the intestinal canal 
when rats are fed on diets that are deficient in vitamin B, and these 
observations indicate that profound alterations may occur in the various 
epithelial tissues of the body following food deficiencies. That the 
changes described are the result of a food deficiency IS suggested by 
the fact that they disappear following the correction of the diet 
Whether this suggestion is true or not will require further observation 
and study. At the present time, it seems clear that if these changes 
are due to a deficiency in the diet, it is not the same deficiency that 
produces the anemia. This is suggested by our own observations and the 
course of events seen in pernicious anemia. In pernicious anemia 
the change in the tongue may occur before or on the appearance of the 
anemia. It may disappear following improvement in the anemia and 
then recur without the reappearance of the anemia. Whatever the 
cause of this striking clinical picture may be, it is of importance to not: 
that changes in the tongue indistinguishable from those seen in so-called 
pernicious anemia occur in other conditions in which a faulty diet and 
anemia are present. 

Changes in the Central Nervous System.—Four of the patients had 
changes in the nervous system. Two had peripheral neuritis and two. 

of subacute combined sclerosis. In one patient there was 

Improvement in the signs of disease of the posterolateral part of 
spinal column following recovery from the anemia. 


been raised frequently whether or not subacute combined 


occurs in any condition other than pernicious 


in the presence of other forms of anen 
view, one which maintains that the disorder may 


16. Cramer, W.: On 


anemia, and particularly, 

There are two points of 

lav occur in other forms of 

Vitamin Underfeeding. Brit. J. Exper. Path 3:39. 1922 
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anemia, and the other which denies that this disturbance occurs in 
any condition other than pernicious anemia. In other words, the use 
of the term subacute combined sclerosis should be limited to 
anemias, such as pernicious anemia and rare cases of hemolytic 
anemia. The latter view has been expressed most recently by 
Weil and Davison,'* who reached these conclusions from an 
extensive clinicomicroscopic study of the spinal cord in fatal cases in 
which the patients had had anemia in various forms. However, it must 
not be forgotten that these changes may be present before anemia 
appears, and in some patients the anemia may not be observed. Once 
these changes become established they may advance, remain stationary 
or improve. Furthermore, characteristic cases have been described in 
patients with anacidity associated with carcinoma of the stomach.’ 
Whether the symptoms and signs can be altered by placing the patient 
on a liver diet is a controversial point. This question was reviewed 
and discussed in a recent paper by Ungley and Suzman.'® They 
expressed the belief that liver was distinctly beneficial in causing the 
improvement of patients with subacute combined sclerosis. They also 
suggested that it was possible that this disease was a deficiency disorder 
occurring in persons with a constitutional diathesis, since achlorhydria 
and the presence of a hereditary factor is such a prominent feature in 
most cases. This is of considerable interest, since in the patients whom 
we observed there were achlorhydria and a nutritional disturbance, and 
in one patient, there was definite improvement following recovery from 
the anemia. It is obvious from one of the cases reported that signs of 
subacute combined sclerosis occur in patients with nutritional distur- 
bance and without permanent achlorhydria. 

The two patients who had peripheral neuritis were of considerable 
interest from the standpoint of etiologic diagnosis. We considered two 
possibilities : a toxic polyneuritis due to dysenteric infection and beriberi. 
It is well recognized that the dysentery bacillus of the Shiga variety 
produces an exotoxin that has an affinity for the nervous system and 
polyneuritis is occasionally observed in some patients with dysentery. 
However, it is difficult to decide in a given case whether the polyneuritis 
is due to the bacterial intoxication or is the result of a deficiency of the 

17. Weil, Arthur, and Davison, C.: Changes in the Spinal Cord in Anemia 
A Clinicomicroscopic Study, Arch. Neurol. & Psychol. 22:966 (Nov.) 1929. 

18. Waterfield, R. L.: Addison's Anemia with Subacute Combined Degenera- 
tion of the Spinal Cord Secondary to Cancer of the Stomach, Guy's Hosp. Rep 
73:208, 1923. Garvey, J. L., and Stern, L. D.: Combined Sclerosis of the Spinal 
Cord and Carcinoma of the Stomach: Report of Case, Am. J. M. Sc. 168:847, 
1924, 

19. Ungley, C. C., and Suzman, M. M.: Subacute Combined Degeneration of 
the Cord: Symptomatology and Effects of Liver Therapy, Brain 52:271, 1929 
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antineuritic vitamin.  Beriberi is frequently observed following 
dysentery, and has been commented on by Willcox,?’ Miura“! and 


others, It is important, therefore, to consider the possibility of beriberi 


in any patient with polyneuritis in whom there is a nutritional distur- 
bance. It is also well to keep in mind that in some patients with anemia 
and signs of disease of the posterolateral part of the spinal column, 
there are coexisting signs of polyneuritis. Hamilton and Nixon * 
demonstrated extensive changes in the peripheral nerves of patients 
with pernicious anemia and signs of involvement of the nervous system. 
They suggested that these changes probably account for some of the 
cases in which a considerable discrepancy existed between the physical 
signs and the pathologic changes in the spinal cord. Since changes in 
the peripheral nerves are known to follow deficient diets, and since they 
are found in patients with pernicious anemia and in those with anemia 
associated with dysentery when the diet is faulty, it is of importance to 
study this question further in order to determine the relationship 
between the changes in the nervous system and the previous diet of such 
patients. 

Both of the patients whom we observed recovered completely. It 
should be remembered, however, that the recovery of these patients 
is quite slow even when adequate diets are supplied. The same is true 
of patients with the neuritic form of beriberi. 

Changes in Gastric Secretion—Since Castle ** demonstrated con- 
clusively that gastric anacidity predisposes patients to the development 
of pernicious anemia, we have been interested in determining the state 
of gastric function in the patients whom we observed. In summarizing 
the results of gastric analysis, we stated that two patients had gastric 
anacidity of the permanent type and one had temporary anacidity, while 
the gastric secretion of the others was normal. It was noteworthy, how- 
ever, that in the patients with anacidity and anemia, the diets were of 
a general character and adequate, whereas the diets of the other patients 


20. Willcox, W Ap iberi, pecial Reference to Prophyl: 
Treatment, Lancet 

21. Miura, K.: sriberi oder Kakke, Ergebn. d. inn. Med. u. Kinderh. 4:280. 
1909 

22. Hamilton, A. S., and Nixon, C. E.: Sensory g in the Subacute 
Combined Degeneration of Pernicious Anemia, h. Neurol. & Psychol. 6:1 
July) 1921. 

23. Castle, W. B.: Observations on the Etiologic Relationship of Achylia 
Gastrica to Pernicious Anemia: I. The Effect of the Administration to Patients 
with Pernicious Anemia of the Contents of the Normal Human Stomach Recov- 
ered After the Ingestion of Beef Muscle, Am. J. M. Sc. 178:748, 1929. Castle. 
William, and Townsend, W. C.: II. The Effect of the Administration to Patients 
with Pernicious Anemia of Beef Muscle After Incubation with Normal Human 


Gastric Juice, ibid., p. 764. 
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were defective in quality. This suggests that a general diet may not 
protect a patient from anemia if he has anacidity and develops a patho- 
logic process that interferes with nutrition. On the other hand, when the 
gastric secretion is normal and the diet is faulty and the patient develops 
a condition that interferes with nutrition, anemia may appear. 

The relationship between the changes in gastric function and anemia 
is highly important. This question has been discussed recently by 
Castle,“* Bloomfield and one of us (C. S. K.),?! and Chang and two of 
us (C.S. Yo and C.S. K.),°° and the following facts are evident. There 
are a number of clinical conditions associated with anemia and a sup- 
pression of gastric acidity. In some cases, the gastric anacidity precedes 
and appears to predispose the patient to the development of anemia. 
Such examples as pernicious anemia, the anemia following the gastritis 
of chronic alcoholism, total gastrectomy, gastric polyposis, some cases 
of carcinoma of the stomach and the anemias associated with the tem- 
porary suppression of gastric acidity of unknown cause are cited in 
support of this idea. In other instances, gastric anacidity occurs during 
the course of an illness associated with anemia and may be only a con- 
tributory factor in increasing the anemia. In other words, in some 
cases gastric anacidity is of primary importance in predisposing patients 
to the development of anemia, whereas in others it plays only a secondary 
role. in our cases it was obvious that gastric anacidity was not respon- 
sible for the anemia observed, since in all but three the gastric secre- 
tion was normal. In the patients who had gastric anacidity, it was 
probably a contributory factor, since we pointed out that these were the 
only ones who had consumed a general diet. 

What has been said regarding the relationship between the changes 
in the gastric acidity and anemia also applies to the changes in the 
nervous system and tongue. That is to say, in some cases gastric 
anacidity may be a predisposing factor for the development of these 
changes, and in others it may be only contributory. 

This question requires further observation before the relative 
importance of each factor can be evaluated. 


SUMMARY AND CONCLUSIONS 
We have considered all of the clinical features that are said to be 
characteristic of pernicious anemia in a group of patients having chronic 
dysentery. These included atrophy of the lingual papillae, changes in 


the nervous system, gastric anacidity and an anemia that responded 


24. Bloomfield, A. L., and Keefer, C. S.: Gastric Acidity: Relation to Various 
Factors Such as Age and Physical Fitness, J. Clin. Investigation 5:285, 1928. 

25. Chang, H. C.; Yang, C. S., and Keefer, C. S.: Improvement in Gastric 
Function in Patients Following Recovery from Secondary Anemia, Nat. M. J. 
China 15:752, 1929. 
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to liver extract therapy. It seems to us that it is of considerable 
importance that these conditions occur in a disorder in which nutritional 
disturbances are largely responsible. It is also noteworthy that the) 
can occur without gastric anacidity. However, when a process that 
interferes with normal nutrition occurs in a patient with anacidity, a 
general diet may not protect him from the development of anemia. It 
is apparent from these observations that the features described were du 
to nutritional disturbances, and they support the hypothesis that similar 
features observed in so-called pernicious anemia are due to a deficic ney 
disorder. In the light of our present knowledge it may be stated that 
the deficiency develops in patients with gastric anacidity because th \ 
are unable to obtain a sufficient amount of the essential substance or 
substances from a diet that contains only a small amount of the necessar 
material. On the other hand, when the diet is faulty and there is a 
process that interferes with normal nutrition, all of these features may 
appear when the gastric secretion is normal. 

It may be recalled that this is not the first time that the charac 
teristic features of pernicious anemia have been described as occurring 
In association with diseases of the intestinal tract, such as sprue, intes 
tinal strictures, infestation with Dibothriocephalus latus and ulcerative 
colitis. As a matter of fact, the anemia associated with these conditions 
has been attributed to the intestinal lesions, and these cases have been 
used as an argument for the intestinal origin of pernicious anemia. -\t 
this time, we shall make no attempt to review the literature dealing with 
this question, but it is well to keep in mind that it has been clearly showt 
that patients with anemia associated with the conditions cited ma 
respond to treatment with liver extract in the same manner as patients 


who have pernicious anemia. In the past, the general implication fro 


the literature was to the effect that the anemia seen in these conditions 


is due to bacterial intoxication. In the future, these cases 
studied from the standpoint of nutritional disturbances 
determine the relative importance of faulty diets and other nutritional 
factors in contributing to the development of anemia. 

We have reported the results of a study of sixteen patients with 
anemia associated with chronic dysentery. The anemia 
morphologic characteristics and in its response t 
basis of our observations, we conclude that the cause of 
not always the same, but the most important factors are tl 
disturbances that result from faulty diet and a process that 

In some patients, contributory fac 

gastric anacidity, blood loss and infection, were of 

In the group as a whole, we observed 

id to be char 
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treatment with liver extract was characteristic. Atrophy of the papillae 
of the tongue and changes in the nervous system were also observed. 
We attribute these changes to the nutritional disturbances, and we 
believe that these observations support the hypothesis that the various 
clinical features seen in pernicious anemia, such as papillary atrophy, 


changes in the nervous system, and the anemia, are due to a deficiency 


disorder. 


ACUTE HEMATOPORPHYRIA 


REPORT Of TWO CASES * 


V. MASON, M.D 
AND 
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The essential symptom of the condition that Gunther! designat 
“hematoporphyria™ is the excretion of deeply pigmented urine the color 


of Burgundy wine containing an abnormal amount of hematoporphy 
Two patients with the acute, idiopathic type of the disease were recentls 


observed, and the histories are recorded in this article. 


REPORT OF CASES 


Case 1.—A white woman, aged 53, was admitted to the Los Angeles 

General Hospital on Nov. 7, 1929. The illness had begun a week previously 
nausea, vomiting and cramplike pain m the lower part of the abdomet 
two days before admission the pain had been severe, and vomiting had 
tinuous. The pain was diffuse over the abdomen and radiated to the thi 
h 


id had no similar attack previously, and had never used sedative dr 


no known exposure to lead. So far as 


iad been she Knew, no memb 
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Examination revealed a tall and slender woman. The skin 
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that the urine was very dark, but routine examination presented nothing unusual, 
The leukocyte count was 17,500 with 95 per cent polymorphonuclear neutrophilic 
cells. A flat roentgenogram of the abdomen showed moderate dilatation of the 
entire colon, but nothing suggesting an obstruction was observed. The cerebro- 
spinal fluid was normal. The Wassermann and Kahn reactions with serum were 
negative. The blood plasma showed nonprotein nitrogen, 58 mg. and preformed 
creatinine, 1.3 mg. per hundred cubic centimeters. The temperature varied between 
100 and 102 F. The pulse rate varied between 80 and 120 per minute. The 
patient became delirious and noisy, and there were hallucinations of sight and 
hearing. At times, there were Cheyne-Stokes respirations. She was irrational 
for eight days, but thereafter recovery was rapid and complete. When first 
observed, the urine was very dark and red, and on three occasions it contained 
large amounts of hematoporphyrin, which was extracted by Garrod’s method. 
Urobilin was also present in the urine. As the disease progressed, the urine 
gradually assumed a normal color, and hematoporphyrin could no longer be 
detected. Hematoporphyrin could not be identified in the feces, although this 
examination was not made until late in the course of the disease. 

Case 2.—A white man, aged 36, was admitted to the hospital on Oct. 3, 1929. 
He had always been in good health. There had been no exposure to known 
sources of lead poisoning, and he had not used hypnotic drugs. No member of 
his family was known to have passed dark-colored urine. The patient’s wife stated 
that during the two months preceding his illness, she had noticed dark staining of 
his underwear by urine. Early in September, 1929, the patient had begun to 
complain of nervousness and pains in the arms and legs. These symptoms 
increased in intensity, and he consulted a physician. The patient was given 
salicylates and mild sedatives without relief. On October 3, he began to have 
severe abdominal cramps with radiation of the pain to the thighs. This was 
accompanied by constant vomiting. He had slight fever. The leukocyte count 
was 16,000 per cubic millimeter. Although the abdominal symptoms were atypical, 
they were so severe that an exploratory laparotomy was performed. The colon 
was found to be greatly distended, and a normal appendix was removed. Pain 
in the abdomen radiating to the arms, chest and thighs persisted, and morphine 
had to be administered repeatedly for relief. Slight fever was constantly present. 
On the thirteenth postoperative day, the abdominal cramps were again severe. A 
barium enema was given, and roentgenograms showed marked dilatation of the 
transverse and descending colon (fig. 1). The patient was delirious at times. 


The face seemed slightly pigmented. There was a small nodule in the thyroid 


gland, apparently an adenoma. No abnormalities were noted on examination of 
the abdomen in spite of the severity of the symptoms. A tentative diagnosis of 
hematoporphyria was made at this time, and a fresh specimen of urine was dark, 
almost black. (The clinical pathologist then recalled that a previous specimen was 
the same color, but assumed that it was dependent on the use of some silver salt.) 
When examined by Garrod’s method, the urine gave the characteristic absorption 
spectrum of hematoporphyrin. It also contained urobilin in large amounts and 
other pigments, probably melanin and urofuscin. Even after the extraction of 
hematoporphyrin, the color of the urine was not appreciably altered. The leuko 
cyte count varied from 13,000 to 16,000 per cubic millimeter. The spinal fluid was 
normal. *The Wassermann reaction was negative with serum and spinal fluid. 
The amount of hematoporphyrin in the urine gradually diminished as the disease 
progressed. The plasma contained 115 mg. of sugar, 1.3 mg. of preformed 
creatinine, 151 mg. of cholesterol and 10.5 mg. of calcium per hundred cubi 


| 
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entimeters ; the carbon dioxide-combining power was 58 per cent by volume 
November 1, the patient was restless and irrational much of the time. He com 
plained of severe pains in the extremities. All of the limbs were appreciably 
weak, Slight dysphagia and dysarthria developed, and he drooled saliva. He was 
soon delirious constantly, and apparently had audit ry and visual hallucinations 
The tendon reflexes diminished, and eventually disappeared. He gradually 
became comatose, and died with symptoms of bulbar paralysis, on November 10 


Autopsy.—The body was that of a middle-aged white man. well devel: ped, but 


fairly well nourished. The skin was normal, for brownish pigmenta 
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portions of these deposits were iron-free and iron-containing pigments. There 
was no microscopic evidence of damage of the parenchyma of the liver other than 
cloudy swelling. The brain, spinal cord and sections of the brachial plexus wer: 
removed and hardened in a 10 per cent solution of formaldehyde. The gross 
morphology of these organs showed no alterations from the normal appearance 
save for cystlike spaces in the braw. These were evidently manifestations of 
postmortem activity of gas-forming organisms. Blocks of tissue from various 
portions of the brain and spinal cord and sections of the brachial plexus were 
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Fig. 2.-Spectrophotometric curves of transmission. Curve I, acid-alcohy 
solution of hematoporphyrin from urine of patient in case 1; curve II, acid-alcoli 
solution of hematoporphyrin from urine of patient in case 2. The maximal absorp- 
tion was at 555 millimicrons. These curves were made by Dr, Charles Shear 
(Sheard and Goeckermann: J. Lab. & Clin. Med. 15:162, 1929). 


studied with the aid of the following methods: hematoxylin and eosin, val 
Gieson’s method for connective tissue, Foot’s method for reticulin, scharlach 
and nile blue for fat, Mallory’s phosphotungstic acid-hematoxylin and analt 
blue, Hortega’s silver carbonate and Cajal’s gold sublimate methods for neuroglia 
and Caial’s and Bielschowsky’s methods for unmyelinated nerve fibers. I 
addition, the sections of the peripheral nerves were prepared by Marchi’s meth: 


There were no changes in the morphology of the nervous or supporting element 
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plumbism and the use of sulphon-methane, barbital or allied drugs could 
be excluded. The first symptoms resembled those of an acute surgical 
abdominal condition, and one patient had a laparotomy performed with- 
out relief. Each patient developed unusual nervous symptoms. In one, 
an ascending paralysis of peripheral nerve origin led to a fatal termi- 
nation. In the other, the symptoms of a toxic psychosis developed, 
and recovery eventually took place. 


PORPILYRINS 

The porphyrins are a group of closely related pigments of con- 
siderable importance in the study of biologic reactions to light and of 
pigment metabolism. The name “hematoporphyrin” was first employed 
by Hoppe-Seyler to designate a pigment produced by the action ot 
sulphuric acid on hematin. He described its chemical properties and 
also its complicated absorption spectrum. Subsequently, a similar com 
pound was prepared from hemin crystals by Nencki. Since then a 
series Of porphyrins have been prepared from myoglobin,’ chlorophy1 
and other sources. For some time these artificial porphyrins, as well 
as the natural porphyrins encountered in the urine of normal and ot 
diseased human beings, were believed to be identical. Fischer,’ however, 
was able to prepare pure methyl esters of some of the porphyrins. 
He showed that the porphyrin molecule contains four pyrrole rings, as 
pointed out by previous investigators, and that the various porphyrins 
differ in their content of carboxyl groups. It was possible, therefore, 
to gain some idea of the type of porphyrin present in disease by this 
method. Schumm * also undertook the problem of the identification of 
the various porphyrins by means of accurate measurements of the 


absorption spectrums of the different porphyrins with the grating 


spectroscope. The result of these investigations was the demonstra- 
tion that the porphyrins encountered in the excreta of normal and dis 
eased human beings ditter from the artificial porphyrins prepared by the 
methods of Hoppe-Sevler or Nencki. H. Fischer prepared pure 
methyl esters of the porphyrin excreted by Gunther's patient with con- 

2. Giinther, H.: Der Muskelfarbstoff, Virchows Arch. f. path. Anat. 230: 146 
1920. 

3. Fischer, H.: Ueber das Urinporphyrin, Ztschr. f. physiol. Chem. 95:. 
1915; Ueber die Giftigkeit des Porphyrins, ibid. 97:109, 1916; Beobachtungen ai 
frischem Harn und Kot von Porphyrinpatienten, ibid. 97:148, 1916; Ueber dic 
Konstitution des Kotporphyrins, ibid. 98:14, 1916; Ueber die Konstitution de: 
Urinporphyrins, ibid. 98:78, 1916. 

4. Schumm, ©O.: Ueber Hamatoporphyrin und Hamatoporphyrinogen aus 
Harn und uber das nach Nenckis Verfahren hergestellte Hamatoporphyrin, Mun 
chen. med. Wehnschr. 40:1853, 1913; Untersuchungen uber die Absorption 
erscheinungen des Hamatoporphyrins und Mesoporphyrins im Gitterspektrun 


Ztschr. f. physiol. Chem. 90:1, 1914 
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genital hematoporphyria and found that the porphyrin in the urine, 
uroporphyrin, contained seven carboxyl groups and that the porphyrin 
in the feces, coproporphy rin, contained three carboxyl groups He 
was able, furthermore, to convert coproporphyrin into uroperphyr 

Schumm, in a recent publication, stated his belief that the porphyrin 
in the urine from normal human beings is coproporphyrin, as is also 
the pigment in meconium and in the urine in instances of plumbism 


In poisoning caused by sulphon-methane and barbital and in acute 


hematoporphyria the porphyrin in the urine is uroporphyrin. In con 


genital hematoporphyria, coproporphyrin is present in the 
uroporphyrin in the urine. Up to the present time, the porphyrins 
excreted in the urine and feces of patients with hematoporphyria have 
not been compared with each other in a sufficient number of cases for 
one to state with certainty whether identical porphyrins are always 
present in similar types of hematoporphyria in man. 

The investigations of MeMunn,” Stokvis,? Garrod, Neubauer and 
Gunther * proved that traces of porphyrin are present in urine, feces 
meconium and bile from normal persons as well as in the excreta in 
many diseases. Under these conditions, the quantities excreted are 
minute. The absence of any simple quantitative method to determine 
the amount of porphyrin excreted has made it difficult to detine the 
t] 


disease, and has led to confusion in diagnosis. An examination of 
various studies made in reference to hematoporphyrinuria in general 
shows that porphyrin is a normal excretory product of human metabo 
lism. Furthermore, the quantity of this pigment excreted in 

diseases may vary considerably. But even when its excretion is much 
more than normal, as in lead poisoning, typhoid fever, cirrhosis of the 
liver or melena, symptoms referable to the increase in pigment or 
comparable to those observed in hematoporphyria are absent. In his 
first report, Gunther attempted to define a state of porphyrism in 
which the patients were neurotic and under par, but he did not present 
the frank symptoms of hematoporphyria although abnormal quantitities 
ot porphyrin were excreted. This opinion has not been substantiated, 
although such a disease state is possible. Since up to the present time no 
examples of asymptomatic hematoporphyria have been recorded, it 
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Med. 28:1, 1895 

“. Garrod, A. E On the Occurrence and Detection of Haematoporphyrin i: 7 
the Urine, J. Physiol. 13:598, 1892 

Neubauer ited by Garrod f tnote | 


474 {RCHIVES OF INTERNAL MEDICINE 


unwise to make a diagnosis of idiopathic hematoporphyria unless a layer 
of urine 1 cm. in thickness gives the definite absorption spectrum of 
porphyrin as Gunther suggested. 

Porphyrins produce a complicated and characteristic absorption 
spectrum that makes identification for clinical purposes simple and prac- 
tically free from error. Many absorption spectrums have been pub- 
lished, and accurate measurements of the alkaline and acid spectrums 
have been made by Schumm and others and may be found in their 
articles. For clinical purposes, the method of Garrod * is very simple. 
The urinary phosphates are precipitated by alkali (10 per cent sodium 
hydroxide). They carry down with them about 80 per cent of the 
porphyrin present in the solution. The solution is filtered, and the 
precipitate is taken up by pouring hydrochloric acid-alcohol through 
the filter paper. The characteristic absorption spectrum of the acid 
porphyrin is easily identified. 

CLINICAL FEATURES OF HEMATOPORPHYRIA 

Ginther,! in 1911, published an extensive review of all the reported 
examples of hematoporphyrinuria, and in 1922'° and 1925,'' again 
brought the subject up to date. From the study of the scattered obser- 
vations and from his own clinical material, he was able to demonstrate 
that the disease that he named “hematoporphyria” depended on a 
constitutional anomaly of metabolism, and was often familial and rarely 
hereditary in appearance. Garrod,’ who had been one of the earl) 
investigators of the subject, accepted Guinther’s views and placed the 
disease along with certain other “inborn errors of metabolism” in his 
monograph. The malady appears clinically in three types, to which 
Gunther gave the names hematoporphyria congenita, hematoporphyria 
acuta and hematoporphyria toxica. The clinical syndrome presented 
by patients of each group will be discussed briefly, together with 
abstracts of histories of the acute type reported since Gunther's latest 
review. 


Hematoporphyria Congenita—In 1925, Gunther referred to eighteen 


examples of this type of the disease. Since that publication, case records 


have been published by Rothman,’* Gray,’* Sato and Takahashi,’* 

10. Giinther, H.: Die Bedeutung der Hamatoporphyrine in Physiologie und 
Pathologie, Ergebn. d. allg. Path. u. path. Anat. 20:607, 1922. 

11. Gunther, H.; Hamatoporphyrie in die Krankheiten des Blutes und der 
bluthildenden Organe, Berlin, Julius Springer, 1925, vol. 2, p. 622 

12. Rothman, P. E.: Hematoporphyrinuria: Report of Two Cases, Am. J. 

is. Child. $32:219 (Aug.) 1926. 

13. Gray, A. M. H.: Hematoporphyria Congenita with Hydroa Aestivale, 
Proc. Roy. Soc. Med. 17:43, 1924. 

14. Sato, A.. and Takahashi, H.: A New Form of Congenital Hematopor- 
phyria: Oligochromemia Porphyrinuria (Megalosplenica Congenita), Am. J i 


Child. 82:325 (Sept.) 1926 


loyama ** and Kitagawa.’" Up to the present time, twenty-for 
examples of the disease are available for stud 


The disease is frequently familial, but only in the cases reported 
Radaeh were a father and son atiected. The proj 

to females is about 4:1. The disease may be present at birth, 
the first symptoms usually have not been noticed until months or 
years later. Of course, the chief symptom is the passage « 


i ) 


gundy wine-colored urine containing abnormal amounts of pory 
together with other unidentified pigments. The 


symptom that of 
first calls attention to the disease is the development of a bullous eri 
tion on the exposed surfaces of the skin by exposure to sum 


light. 


The efflorescence may be severe and lead to muti 
scarring and to the development of changes resembling scleroderma 
Destruction of the ends of the fingers and the tips of the nose and ears 
may also occur. In some instances, the teeth have been stained 
and the bones may be deeply discolored by the 
\ few patients have presented hypertrichosis '’ of the 
enlargement of the spleen has been f 


trequent, and occasional 


pink or 


brownish,!> 


been some enlargement of the liver. A moderate degre 
anenua has been noted often, and in a few instances 
Increased fragility of the erythrocytes has not 
The leukocytes are usually normal, but 


a slight eosinophilia. 


SCVeTe. 
in a few cases 
Hydroa aestivale 


has been known for many 
about one hundred cases have been recorded 


VCcars ane 


Hematoporphyrint 


been observed in approximately one fourth of these, and it 
that the pigment, or perhaps its leukobase, might have 


frequently if careful search had been made. 


However. 
that hydroa aestivale may occur without hematoporphvrinuri 
in congenital porphyria sensitivit 


absent. 
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A review of the experiments on the photosensitizing properties of 
natural and artificial porphyrins does not lead to definite conclusions. 
Meyer-Betz,** himself, received 0.2 Gm. of hematoporphyrin ( Nencki) 
intravenously, and was sensitive to light waves that had penetrated 
glass (probably longer than gamma 313 millimicrons) and also to 
October sun rays and to Finsen light. He reacted with marked edema 
and superficial necrosis, lesions occurring comparable to those in ani- 
mals sensitized to light, but not to hydroa in man. 

Fraenkel,?* in an experimental study on animals, could not produce 
photosensitivity with the porphyrin from a patient with congenital hema- 
toporphyria in whom hydroa had never developed. Other observers 
either have failed or have succeeded in producing photosensitivity 
experimentally only after repeated experiments with careful control. 
Hausmann ** stated that porphyrin may occur in two forms, one of 
which produces sensitivity to light and the other one of which does not. 
Fischer believed that the amount of coproporphyrin or its mother sub- 
stance might be the determining factor; that is, when uroporphyrin is 
formed readily, the coproporphyrin is present only in small amount, and 
no sensitivity to light occurs. It seems probable that individual sus- 
ceptibility, as well as the type of porphyrin present, may play some part 
in the problem. In general, the experimental evidence points to porphy- 
rin as the cause of the photosensitivity, but just how this is brought 
about and just what form of the pigment is necessary is still unknown. 
The experiments to determine what region of the spectrum is most active 
in producing the hydroa are also not conclusive. In patients with 
hydroa aestivale, an eruption on the protected portions of the skin often 
cannot be produced or appears only after repeated exposures. The 
ultraviolet rays have been most active in the successful trials. In ani- 
mals, visible rays near 500 millimicrons have been the most active. 
Furthermore, the intensity of the photosensitivity as determined experi- 
mentally by artificial light bears little relation to the severity of the 
eruption of the skin presented by the patient. 


Hematoporphyria Acuta—Gunther, in his article published in 1925, 


collected thirty-one cases that left no doubt concerning the diagnosis. 


In the past four or five vears, the following reports have appeared: 
| | 


21. Meyer-Betz, F.: Untersuchungen tber die biologische (photodynamische) 
Wirkung des Hamatoporphyrins und anderer Derivate des Blut und Gallenfarb- 
stoffes, Deutsches Arch. f. klin. Med. 112:476, 1913. 

22. Fraenkel, E.: Experimentelles tiber Hamatoporphyrie, Virchows Arch. f. 
path. Anat. 248:125, 1924. 

23. Hausmann, W.: Zur sensibilisierenden Wirkung der nattrlichen Porphy- 
rine, Biochem. Ztschr. 77:268, 1916. 
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painter, the patient presented no symptoms referable to lead. On 


ie had anorexia and severe abdominal cramps m February 18, 19 


cramps continued, and there was slight jaundice. The urine was dark red n 
February 21, he vomited foul-smelling material 


There Was marked tympanites 
There was slight icterus, but no other pigmentation. The 


here was no fever. The abdomen was soft, but some tenderness was 


pulse rate was 


the hypogastrium. There was no visible peristalsis. The dulness of 


vas normal. The urine was deep red, ard contained urobilin and hemat por 
The leukocyte count was 12,880 per cubic millimeter Che patient gradually 


recovered. 


In the case reported by van der zo dk Ii ne, severe abd 


vomiting and constipation developed in a woman, aged 26. without signi! 
iamily or past history. The urine was dark brown, and contained hematopor 


hyrin and melanin. The patient recovered 
Melkersson 2 reported the case of a woman. with no family history 

f the disease and no evidence of lead poisoning or use of hypnotics, wh 

became ill in 1922 with violent epigastric pain and chil vomited constantly 


lhe abdomen was tender. The urine was reddish brown. She improved rapidly 
ind was apparently well in two weeks. In 1923, she had a similar attack with 


pains in the arms in addition to the previous symptoms. 
had another attack. In December, 1924, she becan 


epigastric pain and constant nausea. There 


In January, 1924, she 


e ill with fever, chills, severe 
were visible cols of small intestine 


(presumably). There were 13,000 leukocytes per cubic millimeter. The urine 


tained urobilin and hematoporphyrin. The fragility of the erythrocytes was 


normal, Evidences of peripheral neuritis with severe bulbar symptoms and incon 
tinence developed, but by April 21, 1925, she had recovered completely. 


Kuntzen and Becker 2? reported the case of a man, aged 39, with an irre levant 


family and personal history, who had severe attacks of colic and had lost 20 
pounds (9 Kg.) in three months. The liver was rather large; the sclerae were 
brown. The patiem said that his skin tanned easily. The leukocyte count 


5,200. The urine contained urobilin. A diagnosis of pericholecystitis 


and the abdomen was explored. Slight cirrhosis of the 1 


cohe continued, and the urine was deep Bergundy red and contained hemat: 


iver was found 


porphyrin. The colic continued intermittently for the next three months. The 
patient lost weight. A roentgenogram showed wide dilatation of the duodenun 
\ second operation was performed, and a carcinoma of the pancreas was found 
\t autopsy there was cirrhosis of the liver with hemochromatosis and a carcinoma 
t the pancreas 


24. Langenskiéld, F.: Om hematoportyri 1 ileusliknande symtom, Fin 


sallsk. handl. 70:241, 1928 


van der zoo de Jong, H. “en Waarschuwin 


thy Het Zoeken Na 


Haematoporphyrine in rine, Nederl. tijdschr. v. geneesk, 69: 598, 
26. Melkersson, FE.: 1 pontanée avec symptomes 
nerveux et un bréve revue ¢ yu nd orphyries, Acta 
63: 153, 1926 
27. Kuntzen, H.. and Becker, R Hamatoporphyrie und sym 


matische Hamatoporphyrinurie, Deutsche Ztschr Chir. 206: 332, 1927 
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Weisz 2° reported a case in a woman, aged 27, who stated that six siblings 
died in infancy with abdominal cramps. She had had several attacks of sever 
abdominal pain with vomiting. During the attack reported the epigastrium was 
tender: the liver was soft and extended below the umbilicus, and the spleen was 
not felt. The leukocyte count was 12,000. The fragility test of erythrocytes gave 
normal results. The urine was reddish brown and contained urobilin and much 
hematoporphyrin. Cystin crystals were found. During another attack porphyrit 
was found in urine and stools. The duodenum was markedly dilated, and the 
face appeared pigmented. Considerable anemia developed. During a subsequent 
attack the colon was greatly distended. An ascending neuritis developed that 
caused death. At autopsy, no remarkable features were present. The liver was 
normal 

Beilin 2% reported the case of a man, aged 24, who e tered the clinic ot 
account of weakness of the right leg and arm and pain in the cervical region and 
the right side of the chest. There were constipation, vomiting, pain in the lower 
part of the abdomen and headache. The urine was deep red and contained 
hematoporphyrin. The spinal fluid was xanthochromic, and contained 152 cells 
The symptoms progressed, and after three weeks uremia-like attacks occurred witl 
increased excretion of hematoporphyrin. The patient died of asphyxia after char 
acteristic symptoms of a Landry’s paralysis had appeared. 


Moen 2° described the case of a man, aged 29, who was observed for gallstones 


on Sept. 1, 1925. The past history and family history were irrelevant. The 


patient complained of sleeplessness, headaches and paresthesias over the body 
He had taken some bromides, but no other sedatives. The urine had been of 
portwine color for six months. For three days before admission, he had bee 
very ill with sore throat. He was constipated. tle grew worse, and developed 
severe abdominal pain, especially in the flanks. He vomited bile-stained fluid 
The abdomen was tympanitic. The urine contained hematoporphyrin but not 
urcbilin; it was deep red. The patient had severe pain in the legs and arms, but 
eventually recovered. On Feb, 8, 1928, the same symptoms appeared. The urine 
contained hematoporphyrin and urobilin. A similar attack occurred three weeks 
later 

Rothman !2 reported a case in a colored boy, aged 13 years, who complained of 
pains in the abdomen and in the legs. His mother noticed that the urine was red 
\bout a week later the symptoms disappeared, returning on Aug. 22, 1924. He 
had slight fever. On physical examination no abnormalities were observed. Thi 
leukocyte count was 16,500. The urine was brown and contained albumin and 
casts. The Wassermann reaction was negative. The brown color disappeared 
from the urine, and the patient recovered. A similar attack appeared on Jan. 22 
1625, The patient died suddenly two cays later. At necropsy, all of the viscera 
were darkly colored; the spleen weighed 220 Gm.; the capillaries of the liver 
were filled with erythrocytes; the bone-marrow was hyperplastic, and no altera 
tions of the peripheral nerves were found. The urine from the bladder containe: 


hematoporphyrin. 


28. Weisz, H.: Zur Kenntnis der Porphyrinkrankheiten, Deutsches Arch 
klin. Med. 149:255, 1525. 

29. Beilin, I. A.: Das Landrysche Syndrom mit Hamatoporphyrinurie, Russk 
klin. 10:161, 1928. 

30. Moen, E.: Et tilfelle av haematoporivri, Norsk mag. f. legevidensk. 89: 
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Up to the present time, about forty-one examples of the acute, 


idiopathic type of the disease are available for study. It is proba 
that occasionally the condition has gone unrecognized, and that. the 
records of some patients with the disease have not been reported. It 
is true, however, that the malady is rare. 

The disease is occasionally congenital, although no hereditat 
occurrence has been recorded. Symptoms most frequently appear in 
the third and fourth decade, but exceptions have been noted. The 
condition occurs in females slightly more frequently than in males. 

The clinical syndrome presented by the patients has been similar 
in all instances. The first definite symptom is usually severe, cramplike 
tbhdominal pain between the umbilicus and the pubis at times radiating 
to the flanks or the thighs or even to the chest. Not infrequently, this 
symptom is preceded by weeks or even months of ill health with com 
plaints of weakness, nervousness, sleeplessness and vague pain in the 
abdomen or extremities. With the onset of severe abdominal cramps, 
nausea and vomiting appear and become constant. Constipation is 
practically always present. There is often slight fever and moderate 
leukocytosis. Urinary symptoms, usually strangury, often occur. The 
abdomen is usually soft, but may be slightly tender over the hypo- 
gastrium. Visible peristalsis has rarely been observed. Roentgeno- 
grams have often revealed dilatation of the duodenum, the ileum or 
some portion of the large bowel. These observations have occasionally 
been confirmed at operation. In one instance, all of the intestines were 
greatly contracted. General physical examination usually gives normal 
results. At the onset of the symptoms the urine is deep red and con 
tains urobilin, porphyrin and occasionally other pigments. As th 
symptoms of the attack ameliorate, the color of the urine prompt! 
returns to normal, although porphyrin may be present for some time 
\ history of recovery from several similar attacks is not unusual. 

In the attacks that end fatally, symptoms from the nervous system 
appear early. These consist of toxic-delirious states, occasionally with 
convulsions, or of weakness of the extremities. often preceding the 
development of an acute ascending paralysis ending with an acute bulbar 
palsy and asphyxia. 

The mechanism of the production of these symptoms is still in doubt 
\s Snapper suggested, it seems probable that the abdominal phenomena 
are caused by alteration of function of the nervous system. Whether 
this damage is produced by porphyrin or by some other substance 
iormed during the course of the anomaly of pigment metabolism is also 
obscure. 


31. Barker, L. F., and Estes, W. L., Jr.: Family Hematoporphyrinuria 
Its Association with Chronic Gastroduodenal Dilatation. Peculiar Fits and Acute 


neuritis, J. A. M. A. 59:718 (Aug. 31) 1912. 


VAS 
al d 
Its 
ute 


ARCHIVES OF INTERNAL MEDICINE 


Pathologic alterations of the organs other than the nervous system 
are inconspicuous. The viscera may be congested. The spleen and 
liver may be slightly enlarged. The liver often contains pigments. 

During the attack the urine may be almost black, and its color is 
little altered even after the removal of the porphyrin. Melanin, skatole, 
tyrosine, leucine, urofuscin and other unidentified pigments have been 
found in the urine. Their significance will be discussed later. 

Hematoporphyria Toxica—In this group, Gunther placed the 
reported examples of genuine hematoporphyria following the adminis- 
tration of sulphon-methane, barbital and allied drugs. There is no proot 
that drugs cause the disease, except in patients with latent hemato- 
porphyria. The symptomatology is identical with that presented by 
patients with acute hematoporphyria. Sensitivity of the skin to light 


has been recorded once following the excessive use of phenobarbital. 


COMMENT 

Hematoporphyria may be considered an independent disease of pig- 
ment metabolism due to some constitutional defect. It may be present 
at birth or may appear first at any age. The varying symptomatology 
of the congenital and acute types of the disease is probably more appar- 
ent than real, although not enough evidence is at hand to make positive 
assertions at present. Why neurologic disturbances are present in some 
instances and photosensitivity in others and only the excretion of por- 
phyrin in still others cannot yet be explained. It seems safe to assume 
that the two porphyrins, uroporphyrin and coproporphyrin, are the 
same in all instances of hematoporphyria, and that the varying symp- 
tomatology is dependent on the degree of the constitutional factor and 
the susceptibility of the patient to the disease. 

The excreta of normal persons contains porphyrin in minute quanti- 


ties, as previously mentioned, and it may be looked on as a normal 


product of metabolism. The amount secreted in certain disease states 
may be increased considerably above normal. In such instances the 
characteristic symptoms associated with hematoporphyria are lacking. 
An exception must be made in the cases of intoxication with sulphon- 
methane, barbital and allied drugs. But, as Gtinther has stated, even 
in these cases it may be possible that the patients have the constitutional 
defect in a latent form that is activated by the drug. 

The place of origin and the mother substance of hematoporphyrin 
are unknown. All of the porphyrins are so similar in composition that 
it might be possible for the body to convert one into another. If this 
is possible, porphyrin could arise from chlorophyl or from endogenous 
or exogenous hemoglobin or myoglobin. It might arise during the 
process of anabolism or catabolism of myoglobin or hemoglobin or from 
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some perversion of the formation of bile or derangement of function of 
the liver. In attempts to elucidate the pathogenesis of the disease, many 
theories have been propounded of which only a few deserve consider- 
ation. The assumption that retention of the pigment by the kidney 
might lead to porphyrin intoxication without increased formation of the 
pigment would be tenable in the cases reported by Harbitz.** and by 
Melkersson.** It is not probable in other reported cases. The theory of 
the origin of the pigment from ingested chlorophyl or hemoglobin or 
myoglobin may be easily disproved by feeding experiments with con- 
genital porphyrinuric patients. The absence of evidence of hemolysis 
or of the development of marked anemia excludes destruction of blood 
and liberation of hemoglobin as necessary preliminaries for the for- 
mation of excessive amounts of hematoporphyrin. The two remaining 
possibilities namely, that the disease is dependent on disturbed liver 
function and bile metabolism or on defective hemoglobin synthesis, are 
deserving of more serious consideration 

Theories but not satisfactory proof of damage of the liver have been 
presented, and a review of all of the autopsy records does not sub- 
stantiate this point of view. Furthermore. those patients with the 
congenital type of this disease and those who recover from an acute 
attack show no evidence of hepatic disease or of biliary disease. The 
liver of our patient (fig. 3) showed evidence of cloudy swelling, and the 
parenchymatous and Kupffer cells contained large amounts of Iron- 


containing and iron-free pigment. We believe that these alterations 


are the result and not the cause of the disease. The constant presence 
of urobilin in the urine in attacks of acute hematoporphyria is difficult 
to explain, but we believe that it should be related to temporary damage 
of the liver or possibly to disturbance in the bone-marrow. 

Recent work by Fischer, Schumm, Borst. Konigsdorffer ** and 
Fraenkel has produced evidence that more nearly fits the known facts 
Fraenkel, Hegler and Schumm * sectioned the body of a patient with 
congenital hematoporphyria, and found porphyrin in the bones and iron 
free and iron-containing pigment in the spleen, Kupffer cells and erythro- 

32. Harbitz, F.: Hematoporphyrinuria as an Independent Disease (Hemat 
porphyria) and asa Symptom of Liver Disease and Intoxications, Arch. Int. Med 
33:632 (May) 1924. 

33. Melkersson (footnote 26). Rouillard. J La porphyrinurie, Presse 
34:1061, 1926. 

34. Borst, M.: Untersuchungen iiber kongenitale Porphyrie, Verhand!] 
Isch. 23:353, 1928 


Zur Kenntnis der Pi rphyrie, Strahlentherapie 28: 132 


36. Fraenkel, E.; Hegler. C.. and Sct umm, O.: Zur I ‘ der Haem 
Porphyria congenita, Deutsche med. Wehnecl r. 39:842 
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blasts. The latter also contained porphyrin. Borst, with Konigsdortter 
and Fischer, had the opportunity to section the body of Matthias Petry.*? 
The bones were pigmented. The marrow was deep red. The liver 
was large. The liver, lymph glands, kidneys and pancreas were pig- 
mented. Ten ditferent pigments were identified in the lymph glands, spleen, 
bone-marrow, liver, pancreas, stomach, intestine, kidneys, suprarenals, 
thyroid, hypophysis, testes, lungs, muscles, nervous system, choroid 
plexus and teeth. Some were crystalline and some amorphous. few 
of them were lipoid. Some were iron-free and others contained iron. 
The pigments were present in connective tissue cells, and in the 
endothelial epithelial and reticular cells. The bone-marrow contained 
many plasma cells and many macrophages that had devoured large 
numbers of erythroblasts. Microspectroscopic studies showed large 
amounts of porphyrin in these cells, together with hemosiderin and 
hematin. They believe that the erythroblasts in early embryonic life 
build up hemoglobin through the formation of porpnyrin. In later 
embryonic life this is no longer true. The bone-marrow and spleen of 
Petry contained large numbers of erythroblasts filled with porphyrin, 
and the large phagocytic cells of the bone-marrow were loaded with 
fluorescent porphyrin-containing erythroblasts. In this instance a 
pathologic persistence of embryologic hemoglobin metabolism was 
present. 

This theory perhaps more nearly meets all the requirements than 
any so far proposed, Assuming its validity, the primary defect is in the 
synthesis of hemoglobin. The remaining alterations are of secondary 
nature depending on the toxicity of the pigments liberated by the phago- 
cytic activity of the macrophages. 

The urine of patients with hematoporphyria contains large quantities 
of pigment other than porphyrin, as do many of the organs. Melanin, 
skatole and urofuscin have been found, and urobilin is constantly pres- 
ent. Besides these there are other unidentified pigments. Their 
significance is not known, but a review of the reported cases indicates 
that they may play a determining role in the symptomatology. In the 
chronic congenital cases, these pigments are present in small amounts in 
the urine, while porphyrin is present in large quantities over long 
periods of time. Except for hydroa, however, the patients are relatively 
svmptom-free. In the reported cases of the acute types of the disease, 
the symptoms are severe when the urine is heavily pigmented with sub- 
stances in addition to porphyrin, and as recovery takes place the amount 
of porphyrin diminishes but little, while the other pigments practically 

37. Giinther (footnote 1). Borst, M., and Konigsdérffer, H.: Untersuchungen 


iiber Porphyrie, Leipzig, S. Hirzel, 1929. 
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disappear. Satisfactory investigation of these accessory pigments has 


not been reported to our knowledge, although they must be of con- 
siderable importance, 

No satisfactory method for treating the acute cases has been dev ised 
It has been suggested that calcium might be of value. but records of its 
use are not available. Treatment for hvdroa aestivale is more satis- 
factory, and consists of avoiding the direct rays of the sun. Garrod 


used a paste containing quinine that filters out the more destructive rays 
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CONGENITAL HEART DISEASE 


MEASUREMENTS OF THE CIRCULATION * 


DICKINSON W. RICHARDS, Jr., M.D 
WITH THE ASSISTANCE OF 
CONSTANCE B. RILEY, B.A. 
AND 
MABELLE HISCOCK, B.A. 

NEW YORK 


CLINICAL AND EXPERIMENTAL DATA 
The cyanosis of congenital heart disease is usually associated with 
a considerable degree of unsaturation of the arterial blood. In these 
cases, as noted by Lundsgaard and Van Slyke,’ either (a) the blood 
that passes through the lungs is insufficiently saturated with oxygen, 
owing to some pulmonary defect, or (/) there is a shunting of some 
venous blood from the right side of the heart into the systemic aorta 
without its having passed through the pulmonary alveol, 
Some years ago Haldane and Douglas * placed patient with 


cyanotic congenital heart disease in an atmosphere high in oxygen and 


noted that the cyanosis did not clear; they inferred that the defective 
aeration of the blood was not due to pulmonary insufficiency. On the 
other hand, Campbell, Hunt and Poulton * tried the same procedure 
with one of their patients having congenital heart disease, and found 
that the arterial saturation of oxygen increased from 67 to 91 per cent. 
They inferred that in part, at least, the cyanosis in this case was on 
a pulmonary basis. 

On the assumption that blood is shunted from the right side of the 
heart to the left, various calculations * have been attempted to determine 
the amount of this shunting. In a series of three carefully studied 
cases, Dautrebande, Marshall and Meakins® recently several 


* Supmitted for publication, June 26, 1930. 

* From the Department of Medicine, College of Physicians and Surgeons and 
the Presbyterian Hospital, New York City. 

1. Lundsgaard, C., and Van Slyke, D. D.: Cyanosis, Medicine 2:1, 1923 

2. Haldane, J. S., and Douglas, C. G., quoted in Haldane, J. S.: Respiration, 
New Haven, Conn., Yale University Press, 1922. 

3. Campbell, J. M. H.; Hunt, G. H., and Poulton, FE. P.: Breathlessness and 
Cyanosis, J. Path. & Bact. 26:234, 1923. 

4. Abbott, M. E., in Osler and McCrae: System of Medicine, Philadelphia, 
Lea & Febiger, 1927, vol. 4, p. 612. Abbott, M. E., and Dawson, W. T.: Clinical 
Classification of Congenital Heart Disease, Internat. Clin. 4:156, 1924. Raab, W.; 
Weiss, R.; Loéwbeer, B., and Rihl, J.: Untersuchungen tber ein Fall yon kon- 
genitalen Herzvitium, Wien. Arch. f. inn. Med. 7:367, 1924. 

5. Dautrebande, L.; Marshall, W. R., and Meakins, J. C.: Studies of the 
Circulation in Three Cases of Morbus Caeruleus, J. Clin. Investigation 8:123, 1929, 
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calculations of this sort, but the results were so divergent as t 
them necessarily to the conclusion that the amount of the <J u 
present, could not be determined with the data and methods availabl 
The present investigation is a further effort to determine} 
measurements of the blood and respired gases, the mechanism oi tl 
circulation in a case of congenital heart disease. These studies were 


made at several different times, both during the patient’s stay of thr 


weeks in the ward and during a three day period in a Barach oxyg 
chamber, with the atmospheric oxygen at from 44 to 46 per cent 


REPORT 


History.—A. S., an American girl, aged 12. was admitted to the service of 
Dr. Randolph West on March 7, 1930. According to her mother, she had beet 
a normal child up to the age of 3, when she had an attack of fever and pa 
in the joints lasting several months \iter this it was noticed that she < 
became dyspneic on exertion, her skin turned bluish and her lips black ver 
since that time, the cyanosis and dyspnea had persisted, and she had recurrent 
attacks of joint pains, with swelling and redness, especially of the ankles er 


fingers had been markedly clubbed for at least five years. It had been observed 
that the cyanosis became worse in cold weather; the effect of exertion was not 


noted. She had swelling of the ankles whenever she was up on her feet 


Physical Examination.—Examination showed a small, thin girl (154 


cm. it 
height and weighing 35 Kz.) lying quietly in bed, breathing deeply and somewhat 
rapidly, but in no apparent respiratory distress. Ther: Was extreme cyanosis of 
the skin and mucous membranes: her lips and tongue were almost blac! The 


fingers and toes were clubbed. The chest was deep and voluminous for her 
with good expansion of the lungs. The lungs were clear. The heart was mx 
erately enlarged, the borders extending 3 cm. to the right and 10 cm. to the lef 
There were systolic shock at the apex and thrill over the third 
interspaces. The first sound at. the apex was soft, preceded by 
murmur, and followed by a systolic blow \t the base of the heart to and 
murmurs were heard to the left of the sternum in the 


a mid-diast 


second and third spaces 
the systolic murmur was transmitted toward the left clavicle. Th 


he second pul 


monic sound was sharply accentuated. The liver and spleen were not felt 


The blood count showed: red bl od cells, 10,900,000: white bl 
hemoglobin, 160 per cent (Sahli). 


od cells 7.8350) 

and polymorphonuclears, 83 per cent. 1 

results of the Wassermann test and the blood culture were 
\ roentgenogram of 


negative 
the heart showed some left ventricular enlargement wit! 
rounded contour, no enlargement of the left auricle, of the base of the heart or 
of the great vessels, except for some slight prominence of the right border of th 
ascending aorta; the right border of the heart measured 3,2 


border, 9.2 cm. Fluoroscopy of the chest sh wed normal respiratory movements 


cm. and the left 


ind apparently normal cardiac pulsations. The posterior mediastinum was clear 


An electrocardiogram showed a marked right preponderance, the « nly abnormal 
condition. 


The vital capacity ranged from 2.100 to 2,500 ce. The blood pressure was ‘ 
systolic and 60 diastolic. The pulse rate varied between 90 and 100 


temperature varied between 99 and 100 F.. with occasional sharp rises to 101 
102 F 


and ft 
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Course.—The course in the hospital was practically uneventful. The patient 
was able to walk about the ward without dyspnea. Cyanosis varied little. After 
three weeks in the ward, she was transferred to the Barach oxygen chamber, 
with the atmospheric oxygen maintained at from 44 to 46 per cent, and kept there 
three days. No important change was noted in the clinical condition or the 
physical signs during this period. She was again transferred to the ward, and 
discharged at the end of another week. 

Diagnosis —The patient was seen by Dr. R. L. Levy, who believed the con- 
dition undoubtedly to be congenital heart disease, probably involving a pulmonic 
f 
Fallot’—pulmonic stenosis, septal defect, right ventricular hypertrophy and dextro- 


stenosis and septal defect and possibly including the complete “tetralogy ¢ 


position of the aorta. 

Experimental “A”: The experimental studies made 
were as follows: On the first two occasions, March 13 and 18, arterial blood was 
drawn from the brachial artery, transferred under oil to a tube containing dried 
neutral potassium oxalate and sodium fluoride, and analyzed for oxygen content 
and capacity, and on March 18 for carbon dioxide content also. Analyses were 
made with the Van Slyke-Neill® apparatus. On March 28, a complete experi- 
ment was done. With the patient under basal conditions, expired air was collected 
in a Douglas bag. After this, two sets of alveolar air and oxygenated mixed 
venous samples were obtained, the patient resting for about fifteen minutes between 
each set. Details of this procedure were published previously.?7 After a further 
rest of about fifteen minutes, arterial blood was drawn from the brachial artery. 
Inough arterial blood was obtained to permit determinations to be made of the 
oxygen content and capacity, the carbon dioxide content and to plot one point 
on the carbon dioxide curve of oxygenated blood. An oxygenated carbon dioxide 
curve was drawn by using as a slope that of the oxygenated carbon dioxide curve 
of the case of congenital heart disease described by L. J. Henderson.S As the 
patient in the latter case had both an oxygen capacity and a carbon dioxide 
capacity closely similar to those of our patient, such a procedure seemed justi- 
fiable. Displacements upward of points on the carbon dioxide diagram, due to 
oxygen unsaturation, were also estimated by the use of this same nomogram of 
Henderson's. 

I-xXpERIMENT “B.’—An experiment exactly similar to the foregoing one was 
done on April 1, after the patient had remained for three days in the oxygen 
chamber. On the day before, March 31, a respiration experiment was done, as 
described, but no blood drawn; the patient was not under basal conditions at this 
time, having finished breakfast about fifteen minutes before. From the work of 
Higgins ® and later that of Dodds,!° it was shown that at this interval after meals 
the alveolar carbon dioxide values are increased usually about 1 or 2 mm. A 
small effect of this sort is evident in our data; but this has no significant bearing 
on our general results. 

The data obtained are given in the table. 


6. Van Slyke, D. D., and Neill, J. M.: The Determination of Gases in the 
Blood by Manometric Measurement, J. Biol. Chem. 61:523, 1924. 

7. Richards, D. W., Jr., and Strauss, M. L.: Circulatory Adjustment in 
Anemia, J. Clin. Investigation 5:161, 1928. 

8. Henderson, L. J.: Compt. rend. Acad. d. sc. 18:2066, 1925. 

9. Higgins, H. L.: Influence of Food, Posture, and Other Factors on the 
Alveolar Carbon Dioxide Tension in Man, Am. J. Physiol. 34:114, 1914. 

10. Dodds, FE. C.: Variations in Alveolar Carbon Dioxide Pressure in Rela- 
tion to Meals, J. Physiol. 54:342, 1921. 
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COMMENT 

From the three initial experiments with arterial blood, it is clear 
that this patient had consistently an extraordinary degree of arterial 
oxygen unsaturation, as well as the usual marked polycythemia, the 
arterial saturation being on the three occasions 64, 55 and 60 per cent. 

The pulmonary function, so far as the clinical examination showed, 
was normal or better than normal. There were no signs of congestion 
in the lungs. The patient’s vital capacity, of from 2,000 to 2,500 ce., 
was large for a child of her size. The supplemental air measured from 
700 to 1,000 ce., and the residual air approximated these figures. It 
was not likely that the lungs were greatly concerned in the production 
of arterial cyanosis. 

This impression was proved bevond doubt when the patient was 
placed in the oxygen chamber, and the arterial oxvgen saturation rose 
only 5 per cent, scarcely more than the change that would occur in a 
normal person. Thus, even room air the pulmonary alveoli 
apparently oxygenated satisfactorily the blood that passed through 
them. 

This patient was, therefore, one of those whose aorta and arterial 
systems contain a mixture of arterialized and venous blood. 

Nature of the Mixing Process.—The nature of the mixing process 
in the chambers of the heart can be more fully demonstrated in this 
case, with a fair degree of probability, by further examination of the 
data. 

Consider the relation between the alveolar air and the arterial 
blood. If the samples of alveolar air are plotted on the carbon dioxide 
curve, it will be seen (the table and fig. 3) that the corresponding 
carbon dioxide content averaged about 29 per cent by volume, whereas 
the actual arterial carbon dioxide content is more than 9 per cent by 
volume higher. This is a large diserepaney and, of course, raises 
doubt at once as to the accuracy of the specimens of alveolar air, 1. e., 
whether or not the samples of air obtained were actually in equilibrium 
with the blood in the pulmonary capillaries. In patients with cardiac 
disease the alveolar carbon dioxide is frequently low with respect to 
the arterial carbon dioxide tension, and although Meakins, Dautre- 
bande and Fetter '' showed that if (as here) arterial blood is used 
for the construction of the carbon dioxide curve this discrepancy disap- 
pears, there are cases in which correspondence between alveolar and 
arterial tensions is not to be obtained even by the use of this technic. 
Such cases are usually complicated by advanced congestive heart failure 
and greatly lowered vital capacity. 

11. Meakins, J. C.: Dautrebande, L., and Fetter, W. J.: The Blood Gases 
and Circulation Rate in Cases of Mitral Stenosis, Heart 10:153, 1923. 
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In the present instance there is every reason to believe that the 
uveolar samples were satisfactory. The patient had an excellent vital 
capacity, sufficient supplemental air and was c operative and intelligent 
The results were as consistent as one expects to get even with trained 
subjects. One possible further criticism should b 


e considered. The 


Fig. 1.—Roentgenogram of the heart taken from a distance of 6 ft 


high ventilation of this subject and the high respiratory quotient (0.96 ) 
suggests that during the collection of expired air there may have been 
considerable overbreathing (“Auspumpung”), and that the alveolar 
carbon dioxide was lowered on this account. This seems unlikely, 
because, though one set of alveolar samples was always taken imme- 
diately after the end of the period of the collection of expired air, the 
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second set was obtained after a fifteen minute rest period, during which 
the patient was breathing normally and without the attachment of 
mouthpiece or nose clip. The only inconsistently low sample of the 
series was taken at such a time and not at the end of the collection of 
expired air. 

With the pulmonary carbon dioxide, then, 9 per cent by volume 
lower than the arterial carbon dioxide, we have not only further proof 
of venous admixture in the arterial blood, but also an indication of a 
large arteriovenous ditference in the pulmonary circulation, and hence 
a small pulmonary blood flow (pulmonary stenosis ). 

The investigation can be carried further by means of the oxygenated 
“mixed venous” (or pulmonary artery) carbon dioxide tension. It 
Is not an easy matter to obtain reliable measurements of this value, 
chiefly because of the brief time that is available for the establishment 
of lung-blood equilibrium, before recirculation of the blood occurs. It 
has been our practice to use a rebreathing bag containing 2,500 cc. of 
a mixture of carbon dioxide and oxygen, with an amount of carbon 
dioxide sufficient so that when it is mixed with the residual air in the 
lungs the resultant carbon dioxide will be about that of the (estimated ) 
oxygenated venous carbon dioxide tension. The rebreathing from the 
bag 1s begun after a complete expiration has been made, and four com- 
plete respirations made in the next twenty (sometimes twenty-five ) 
seconds. Samples are taken into evacuated tubes at the end of the 
third and fourth (on one occasion also at the end of the second) expira- 
tion, and a sample taken later from the bag after rebreathing is finished. 
This technic was followed in the present instance; furthermore, the 
initial carbon dioxide in the bag was varied widely. The results are 
plotted in figure 2, the initial bag carbon dioxide tension on the left. 
and the tensions after rebreathing for ten, fifteen, twenty or twenty-five 
seconds on the corresponding ordinates. It will be seen that, except 
in one experiment (the same as that in which a low alveolar air was 
obtained), the tensions at the end of fifteen and twenty seconds are 
grouped fairly well around 39 mm. carbon dioxide tension, and this in 
spite of a variation of nearly 20 mm. in the initial bag tensions. It 
seems fair to conclude that this represents an equilibrium value, and 
that 39 mm. carbon dioxide tension (actual average 38.3 mm.) is not 
far from the oxygenated pulmonary artery carbon dioxide level. 

The interesting point about this is that when plotted on the oxy- 
genated carbon dioxide curve (fig. 3), 38.3 mm. of carbon dioxide 
tension shows a value of 38.6 per cent by volume of carbon dioxide or 
close to the two values, (38.6 and 40.4 per cent by volume) for arterial 
carbon dioxide that were obtained by these two experiments. In other 
words, the blood in the pulmonary artery and the blood in the systemic 
aorta have essentially the same carbon dioxide content. The conelu- 
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sion to be drawn from this is obvious: That with which we apparently 
are dealing physiologically is an extensive septal defect, so that the 
blood coming in from the venae cavae and that from the pulmonary 
veins are mixed, and the blood going into the pulmonary artery during 
systole is the same as that going into the systemic aorta. Whether the 
septal defect is auricular or ventricular is unimportant from the present 
point of view. 

It should be emphasized at this point that we do not consider our 
data exact, and cannot, therefore, insist that the mixture of the blood 
from the right auricle with that from the left auricle is actually com- 
plete. It is believed, however, that the general mechanism of the cir- 
culation in this case conforms to the description given, rather than that 
there is simply a bodily transfer of a certain volume of venous blood 
over to the left side of the heart, with no reciprocal mixture of the 
blood from the left with that from the right side of the heart. 

There is one criticism against the oxygenated mixed venous values 
which comes to mind at once in a consideration of a three-chambered 
type of heart: The recirculation of blood would be expected to occur 
quickly and thus vitiate any attempt at mixed venous equilibrium. 
However, any error of this sort would cause the mixed venous values 
of carbon dioxide, as obtained, to be too high rather than too low: 
whereas the equilibrium values that we obtained were low, as low in 
fact as they could possibly be, without assuming some mechanism 
whereby more aerated blood could get back into the pulmonary artery 
than could get into the aorta. 

It seems probable that the slow rate of pulmonary circulation with 
perhaps an increased volume of circulating pulmonary blood, delaved 
matters enough so that no great recirculation of blood occurred within 
twenty seconds. 

It is evident, therefore, that with the data obtained the circulation 
in this case can be explained on the basis of a three-chambered type 
of heart. It is important to consider next whether the data are also 
consistent with another type of circulation assumed to exist in certain 
forms of congenitally malformed hearts, namely, a simple right-to-left 
shunting of a part of the systemic venous blood, e. g.. from the right 
ventricle into the left. If the latter situation existed, the blood in the 
pulmonary artery would be a mixture of venous systemic blood. 
Furthermore, in such a case, irrespective of the amount of the shunt, 
the arteriovenous ditference in the gases of the blood in the systemic 
circulation would be the difference between the pulmonary arterial con- 
tent (of carbon dioxide or oxygen) and the systemic arterial content 
(of carbon dioxide or oxygen). [Tf the carbon dioxide or oxygen 
content of pulmonary arterial blood approached more and more nearly 
to that of the systemic arteries, the arteriovenous difference would 
decrease, and the blood flow in the systemic circulation would be 
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increased correspondingly. When the two were the same, 


flow (on the right-to-left shunt hypothesis) would become 


large. 

In the present case, therefore, it is not possible to explain the 
on the basis of a simple right-to-left shunting of venous blood 
simple left-to-right shunting is of course practically 
marked oxygen unsaturation of arterial blood, | 
atmospheres. 


The flow of pulmonary blood, calculated from arteriovenous 


ences and carbon dioxide output, is given in the table: 


Fig. 4—Heart of patient, A. S.. exposing the right ventricle 
right ventricular hypertrophy is well shown. 
from the right ventricle. A probe 
stenosed pulmonary artery crifice 


as well as the origin 
passes from the right ventrick 


throug! 
Immediately below this | 


ventricular septal defect. 


that the volume flow, both under conditions of the ward and of th 
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oxygen chamber was about 2 liters 


ulmonary stenosis 
With the pulmonary carbon dioxide, then, 9 per cent by volumi 
quotient it is possible to make a few other tentative calculations 
Our chief difficulty is in the respiratory quotient value. In the experi- 
ments made on March 28, the value 0.96 was obtained: this is almos 
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certainly too high, probably as a result of overbreathing. Using it for the 
calculation of the differences of arteriovenous oxygen, an average 
of 10 per cent by volume is found; and this added to the arterial 


oxygen gives 30.2 per cent by volume, or “°° — 89.4 per cent 


oxygen saturation of pulmonary vein blood. respiratory 


quotient of gives = 95 per cent saturation, and this is 
probably nearer the truth. In the experiments made on March 31 and 
April 1, we were dealing with high oxygen atmospheres, and direct 
Haldane analyses were impossible; our actual analyses of the samples 
for oxygen were unfortunately not accurate, and no_ satisfactory 
respiratory quotient was obtained. If again an average respiratory 
quotient of O.81 is assumed, the arteriovenous oxygen difference is 
11 per cent by volume, and the pulmonary vein blood es = 98 per cent 
saturated, as one would expect. 

So far as the blood flow through the systemic circulation is con- 
cerned, it 1s, of course, impossible to calculate a definite value. Hen- 
derson '* found that the minimum tension of venous oxygen compatible 
with tissue metabolism is around from 20 to 25 mm. Taking the 
latter figure and using the nomogram of the congenital heart 
blood previously mentioned, one finds that this corresponds to 
an oxygen content of 14 per cent by volume. This gives an 
arteriovenous difference of 20.2 —14— 5.8 per cent by volume, and 
a blood flow of =~ 3.2 liters per minute. This suggests that 
the S\ stemic blood flow in this case is probably not less than about 
3 liters a minute. 

Other subsidiary points in our data that may be noted are: (1) the 
practical absence of change in the values for blood gases as a result of 
putting the patient in the oxygen chamber, except for the 5 per cent 
rise in arterial oxygen saturation and (2) the patient's large pulmonary 
ventilation, not reduced by high atmospheric oxygen. As a matter of 
fact, the pulmonary ventilation increased slightly, but this was prob- 
ably due to the fact that the oxygen chamber was not completely free 
from carbon dioxide, containing about 0.5 per cent of this gas. The 
high pulmonary ventilation, together with the large vital capacity, 
apparently represents real pulmonary hypertrophy and is a compensa- 
tory mechanism, making possible the large arteriovenous differences 
that are maintained between pulmonary arterial and pulmonary venous 
blood and the maintenance also of an alveolar air carbon dioxide value 
much below the arterial level. 

The various types of intracardiac circulation that occur with 
ditferent congenital malformations of the heart have been described in 
detail in monographs by Many of these malformations 


12. Henderson, L. J.: Blood, New Haven, Conn., Yale University Press, 1928 
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involve a reciprocal mixing of venous and arterialized 


blood 
to the point where the great vessels separate: | 
auricular, ventricular or aortic, () various transpositions of 


vessels, and (¢) atresia of various orifices combined with patent duc 


arteriosus, etc. From the study of the blood gases that we hav 


reported, it is not possible, therefore, to make an accurate dhagnosis in 
the present case. Taking into consideration also the clinical, roe 
and clectrocardiographic observations, we thought it probable 
the case was either one of the tetralogy of Fallot!® with 
extensive septal defect, or a cor biatriatum triloculare 

It may be noted in cases of this sort, with nuxing of venous 
arterial blood in a common chamber proximal to the great arteria 


vessels, that unless the mixing is fairly complete, it will be difficul 


demonstrate it by blood gas measurements. If, for example, 
much venous (vena cava) blood as pulmonary vein blood should go 
into the pulmonary artery, and also twice as much pulmonary vein blood 
as venous blood should pass into the systemic aorta. then the 


measured 
etfects would be 


a higher systemic arterial content of carbon dioxide 
(due to mixture with venous blood) and a lower 
whereas the pulmonary artery blood would show a lower content of 
carbon dioxide (due to mixture with pulmonary vein blood ) 
higher Oxygen content. It might not be possible to sav from Die: 


oxygen content, 


however, whether this state of affairs was due to the given amount of 


reciprocal mixing or to a ums right-to-left shunt, combined with a 


more rapid systemic circulation rate (and so more “arterialized” vena 
cava blood). It is only when pulmon lary artery and arterial blood 
carbon dioxide contents ai equality that it becomes impossible 
to explain the picture on any basis other than reciprocal 


pulmonary artery and systemic arterial blood gases differ by small 
amounts, a certain amount of reciprocal mixing becomes highly 
but the exact relation between such mixing and the rate 


circulation cannot be calculated. 


nuxing; when 


pre ible 


of the systemic 


The foregoing argument was written on the basis of 
experimental data, while the patient was still living 
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1930, with a history of headache and v miting tor ten days, and paralysis of the 
left leg for four days. During the next five days the paralysis extended over the 
: whole left side. She became increasingly weak and stuporous, and died o1 Ma 
12, 1930. It was noteworthy that there were ni pronounced symptoms of cardi 
failure, the pulse remaining steady and respiration slow and re gular almost t 
; the end. Death was thought to he due to progressive thrombosis in th. rebral 
od vessels. 
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Autopsy.—Autopsy was performed on May 12. 

Heart: The length of the heart from the superior margin of the right auricular 
ippendage to the apex measured 11 em. The base at the level of the aortic outlet 
measured 7 cm. and the anteroposterior diameter, 7.5 cm. The heart was globular 
and the apex was wide and blunt. The foramen ovale was closed. The leaflets 
of the tricuspid valve were thin and delicate. On the line of the closure of the 
infundibular leaflet was one small, yellowish-gray, pyramidal nodule measuring 
less than 1 mm. in width. The chordae tendineae were slender. The endocardium 
of the right ventricle was thickened over its entire surface. The papillary muscles 
and columnae carneae were large, and the ventricular wall was markedly hyper- 
trophied, measuring 1.5 cm. in thickness. The aorta took its origin from the right 
ventricle. Three leaflets were present in the aortic valve, and these were equal 
in size. The posterior cusps were joined by a wedge-shaped mass which measured 
7 mm. in width at the margin of the valve. This was 5 mm. in thickness and 
extended backward, joining the segments of the valve, to the point of junction 
with the aorta. Beneath the endocardium this mass appeared to be reddish gray. 
The margins of the posterior valve leaflets adherent to the mass were thickened 
and somewhat rolled, a process which extended across part of each leaflet. The 
margin of the anterior leaflet, at its center, was also somewhat thickened and 
slightly nodular. In the interventricular septum, situated just below the level of 
the aortic valve leaflets, was an opening 1.5 cm. in its greatest diameter. The 
lower margin of this was formed by the muscular wall of the septum, while the 
upper margin was formed by the left posterior leaflet of the aortic valve and the 
pulmonic valve. The pulmonic valve appeared as a thick membrane in which 
there was a longitudinal opening about 7 mm. in length but only from 2 to 3 mm. 
in width, On the ventricular surface two small triangular elevations extended 
outward trom each end of the slitlike orifice to the pulmonic ring, thus giving the 
appearance of two large and two small fused sectors. The pulmonic valve over- 
rode the septal defect, lying slightly more to the left than to the right, the 
pulmonary orifice thus opening from the left ventricle. The endocardium of the 
left auricle was of normal thickness; that of the left ventricle was slightly thick- 
ened throughout. The leaflets of the mitral valve were not thickened, and the 
chordae tendineae were slender. The papillary muscles rose in three adjoining 
columns from the lateral wall of the left ventricle, and were not hypertrophied. 
The myocardium of the left ventricle measured 12 mm. in thickness. The muscles 
of beth right and left ventricles were deep brownish red and firm. 

The measurements of the heart were: tricuspid valve, 7 cm.; orifice of the 
pulmonic valve, 7 by from 2 to 3 mm.; aortic valve, 6 cm.; mitral valve, 6 cm.: 
right ventricle, 1.5 cm. and left ventricle, 1.2 cm. 

The coronary arteries rose below the level of the highest points of attachment 
of the aortic valve leaflets, from the sinuses behind the posterior segments of the 
valve. The right artery sent a branch to the left ventricle, supplying its posterior 
half. The left artery divided into the two usual branches, the anterior descending 
branch and the circumflex. 

\orta: The ascending aorta measured 6.5 cm. in circumference in its ascend- 
ing portion. At the level of the patent ductus it measured 4.2 em. in circum- 
ference and at the level of the superior mesenteric artery, 3.2 cm. The intimal 


surface was pale yellow. The aorta was elastic. The ductus arteriosus was open, 
its orifice measuring 8 by 5 mm. in size. 


Pulmonary Artery and Ductus Arteriosus: The pulmonary artery lay to the 
leit and, in part, posterior to the aorta, and measured 1.5 cm. in diameter. Five 
millimeters above its bifurcation, the patent ductus arteriosus entered the left 
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Anatomic Diagnosis —The anatomic diagnos ongenital pulmo 
stenosis, a defect of the interventricular septum. transposition of the great art 
trunks, hypertrophy of the right ventricle, patent ductus arteriosus, conge 

f the viscera, abscess of the brain with rupture into the right lateral ventricle 
localized acute leptome 
COMMENT 

Clinical versus Pathologic Observations —A comparison of the 
clinical with the pathologic observations is interesting. That the blood 
in the pulmonary arterial system and the blood in the systemic arterial 


system were essentially the same in respect to the content of gases Is 


definitely confirmed, for, with the extreme dextroposition of the aorta 


even further to the right than the pulmonary artery, the former vessel 
could hardly have received more highly aerated blood than the latter 
The venous blood from the right auricle evidently mixed with that 
from the left ventricle. the latter coming in through the large septal 
defect. The mixed blood then passed out largely through the aorta, 
although a small part passed through the stenosed pulmonary artery, 
The pulmonary circulation was increased by the passage of some aortic 
blood through the patent ductus arteriosus, and perhaps also through 
the enlarged bronchial arteries. 

From the physiologic standpoint, therefore, the circulation was that 
of a three-chambered heart. 

A further possibility should be mentioned, namely, that the pul 
monary artery actually received blood that was better aerated than did 
the aorta, due to the position of the pulmonary orifice immediately above 
the septal defect. The fact that the pulmonary artery carbon dioxide 

see the table) was measurably less than the systemic arterial carbon 
dioxide points in the same direction, but the technic was not accurate 
enough to make this evidence definite. 

The exact pathology of the heart was obviously not deduced from 
the clinical studies: the diagnosis of patent ductus arteriosus was not 
made. It might have been suspected from the double murmur at the 
base of the heart combined with the accentuated pulmonic second sound. 

\s to the extent of pulmonary stenosis, the experimental data 
seemed to show that the pulmonary blood flow was roughly half the 
systemic, 2, as compared with about 3.5 liters per minute. The small 
‘ize at autopsy of the opening of the pulmonary artery and of the ductus 
irteriosus at its pulmonary end suggests that the pulmonary blood flow 
vas even less than 2 liters. It is not possible to adduce definite figures 
m this point; measurements of the size of the orifices of these vessels 
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at autopsy would not necessarily be proportional to their sizes during 
life, and pressure relations would be difficult to estimate. 

The extensive hypertrophy of the lungs in this case is clearly 
explained, as suggested, by the small pulmonary blood flow. 

rom the point of view of experimental method, this study has 
been of especial interest in that the technic employed 1s shown to have 
given fairly accurate results with at least one type of pathologic circu- 
lation. It is not often that a technic for measuring the blood flow can 


he satisfactorily verified in man. 


Fig. 5.—Diagrammatic representation of the circulation (tetralogy of Fal 
combined with patent ductus arteriosus), The blood flow, in liters per minute, ts 
represented by the width of blood vessels in the diagram. The hatched areas 


represent the reduced blood and the dotted areas, the oxygenated blood. For 


purposes of illustration, reduced and oxygenated blood are represented as flowing 


separately in blood vessels. D-A is the ductus arteriosus. The figures f 


carbon dioxide and oxygen are taken from the experiment performed on March 28, 
except that the pulmonary artery carbon dioxide (38.3) and the arterial carbor 
dioxide (38.6) are both taken as 38.4 on the assumption that the blood in thes« 


two vessels is identical. 


\ diagram of the circulation in this case is given in figure 5. In 
it an attempt has been made to show both the course of the circulation 
and the approximate amounts flowing in each part. The systemic 


circulation, based on the assumption noted in previous paragraphs, is 
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taken as 3.5 liters per minute. For purposes of illustration, the pul 
monary artery and ductus arteriosus are assumed to contribute equal 


amounts to the pulmonary circulation. 


SUMMARY 
Clinical, phy siologic and pathologic studies have been made In a 
case of congenital malformation of the heart. the anatomic lesions of 


which were those forming the tetr@logy of Fallot combined with a patent 


ductus arteriosus. 
The course of the circulation is described. 


Dr. A. L. Barach cooperated with us in the use of the ‘oxygen chamlx 
Dr. Beryl Paige prepared and described th e pathologic material. 
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HYPERTENSION IN CASES OF CONGENITAL 
POLYCYSTIC KIDNEY * 


FREDERICK W. SCHACHT, M.D. 


WINNETKA, ILL. 


The presence of persistent hypertension in cases of congenital 
polycystic kidney has been a disputed point in the literature. Various 
investigators * have called attention to the high incidence of hypertension 
associated with this condition. In 1928, Bell and Clawson,’ after a 
review of the literature and a study of eight cases, concluded: “The 
available information is strongly against the view that congenital cystic 
disease of the kidneys is accompanied by persistent hypertension.” 

In 1914, Veil * studied three cases in which a definite diagnosis of 
polycystic kidney had been made at a clinical examination. The patients 
were women, aged between 42 and 50. In each case the heart was not 
enlarged, but the blood pressure was elevated. Veil maintained that 
the absence of cardiac hypertrophy was against persistent hypertension, 
and because there was not marked renal insufficiency, he did not think 
that the hypertension could be of renal origin. 

In a review of 193 cases of polycystic kidney at the Mayo Clinic, 
one of the most striking abnormalities noted was the number of patients 
with hyperpiesis. In this group, the systolic pressure in 61 per cent 
was 145 mm. of mercury, or more, whereas in 55 per cent the diastolic 
pressure was 90 mm. of mercury, or more. This observation led me 
to make more intensive investigations. 

lor the present investigation, I chose the records of patients with a 
polyeystic kidney, who had died. These records furnished seventy-four 


* Submitted for publication, Sept. 15, 1930. 

* Abridgment of thesis submitted to the faculty of the Graduate School of 
the University of Minnesota, in partial fulfilment of the degree of Master of 
Science in Urology, 1930. The work was done under the supervision of Dr. James 
W. Kernohan, Section on Pathologic Anatomy, the Mayo Clinic. 

1. Braasch, W. F.: Clinical Data of Polycystic Kidney, Surg. Gynec. Obst. 
23:697 (Dec.) 1916. Ritter, S. A., and Baehr, George: The Arterial Supply of 
the Congenital Polycystic Kidney and Its Relation to the Clinical Picture, J. Urol. 
21:583 (May) 1929. Vollard, Franz, and Fahr, Karl: Die Brightische Neiren- 
krankheit, Berlin, Julius Springer, 1914. 

2. Bell, E. T., and Clawson, B. J.: Primary (Essential) Hypertension: A 
Study of Four Hundred and Twenty Cases, Arch. Path. 5:939 (June) 1928. 

3. Veil, quoted by Rosenberg, Max, and Munter, Friedrich: Zur Frage der 
renalen oder extrarenalen Blutdrucksteigerung, Deutsche med. Wehnschr. 50:1437 
(Oct.) 1924. 
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cases, in which the blood pressure was noted at least once in seventy-twi 
cases, and frequently it was noted several times. The incidence of 
hypertension in this group was 75 per cent; the systolic level of 145 mm 
of mercury had been chosen as indicating elevated blood pressure. In 
order to eliminate the factors of age, sex and renal infection, a group 


of seventy-two patients of corresponding age and sex, with chronic 


bilateral pyelonephritis, was studied with reference to the blood pressure. 
the size of the heart and the changes in the eyegrounds. In this group, 
the blood pressure was elevated in only 26 per cent. 


REVIEW OF THE LITERATURE 

In 1850, Johnson,‘ in describing the arteries of the kidney in chronic 
interstitial nephritis, stated: “In the healthy vessel the inner coat is 
thinner than the outer, but in a diseased condition I have generally 
found them of nearly equal thickness. The two coats appear to be the 
same nature and in all probability they are muscular. The thickening 
appears to be proportionally greater in the smallest arteries.” In 1868, 
he reported * the results of further experiments that confirmed his first 
observation, and he continued, “In every fatal case of chronic Bright's 
disease with hypertrophy of the left ventricle, there has been decided 
hypertrophy of the arterial walls in most of the tissues examined, not 
only in the kidneys, but also in the skin, the intestines, the muscles 
and the pia mater.” 

In 1872, Gull and Sutton® maintained: ‘The marked change in 
the arteries and capillaries is the primary and essential condition of the 
morbid state called chronic Bright’s disease with contracted kidney.” 
Various arterioles and small arteries, situated chiefly in the pia mater, 
kidney, skin, stomach, spleen, lung, heart and retina, were measured 
by these investigators. 

In 1877, Ewald* studied sixty-two cases of contracted kidney, and 
found muscular thickening of the arterioles and hypertrophy of the 
muscles of the heart in almost all cases of chronic granular interstitial 
nephritis. 


4. Johnson, George: On the Proximate Cause of Albuminous Urine and 
Dropsy, and on the Pathology of the Renal Blood Vessels in Bright’s Disease, Tr. 
Med.-Chir. Soc. London 33:107, 1850. 

5. Johnson, George: I. On Certain Points in the Anatomy and Pathology 
of Bright’s Disease of the Kidney; II. On the Influence of the Minute Blood 
Vessels upon the Circulation, Tr. Med.-Chir. Soc. London 51:57, 1868 

6. Gull, W. W., and Sutton, H. G.: On the Pathology of the Morbid State 
Commonly Called Chronic Bright’s Disease with Contracted Kidney, Tr. Med.- 
Chir. Soc. London 55:273, 1872. 

7. Ewald, C. A.: Ueber die Veranderungen kleiner Gefasse bei Morbus 
Brightii und die darauf beziiglichen Theorien, Virchows Arch. f. path. Anat. 


71:453 (Dec.) 1877. 
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In 1904, Jores> found vascular alteration in which the intima had 
undergone fatty and hyaline degeneration and the internal elastic 
membrane was markedly thickened. However, in a single case, he noted 
definite thickening of the muscle of the media of the arterioles in many 
organs, including the arterioles of the skeletal muscle. In this case there 
was also a disturbed ratio between the thickness of the wall of the vessel 
and the lumen of the arterioles. 

In 1916, Fahr* called attention to a “necrotic process of the walls 
of the small arteries and arterioles, with destruction of the renal 
parenchyma”; because of its serious nature, he termed the condition 
malignant renal sclerosis. 

In 1928, Keith, Wagener and Kernohan '° showed narrowing of the 
arterioles and small arteries in many organs, including the voluntary 
muscles, in a group of cases of hypertension in which the course was 
rapidly fatal. They termed the condition malignant hypertension. They 
noted a characteristic retinal picture, the age incidence, the absence of 
anemia and the frequent adequacy of renal function. In 1929, these 
investigators '' concluded, “The arterioles in voluntary muscle of 
ambulatory patients with diffuse hypertensive disease frequently show 
distinctive histologic changes. These changes differ in degree and may 
afford a valuable index for predicting the ultimate outcome of the 
individual case.” 

A study of the arteries of the polycystic kidney by the method of 
injection was carried out by Hinman and Morrison ** and Ritter and 
Baehr.'* They demonstrated marked reduction in the caliber of the 
arteries in the polycystic kidneys that were injected. 

The most popularly accepted limit of normal systolic blood pressure 
for the adult lies in a range of from 140 to 150 mm. of mercury. Bell 
considered a persistent systolic pressure of 150 mm. as the highest limit 
of normal in adults of middle age. Alvarez '* found a systolic pressure 
8. Jores, L.: Ueber die Arteriosklerose der kleinen Organarterien und ihre 
Beziehungen zur Nephritis, Virchows Arch. f. path. Anat. 178:367 (Dec.) 1904. 

9. Fahr, T.: Ueber maligne Nierensklerose (Kombinationsform), Centralbl. 
f. allg. Path. u. path. Anat. 27:481 (Nov.) 1916. 

10. Keith, N. M.; Wagener, H. P., and Kernohan, J. W.: The Syndrome of 
Malignant Hypertension, Arch. Int. Med. 41:141 (Feb.) 1928. 

11. Kernohan, J. W.; Anderson, E. W., and Keith, N. M.: The Arterioles 
in Cases of Hypertension, Arch. Int. Med. 44:395 (Sept.) 1929. 

12. Hinman, F., and Morrison, D. M.: Comparative Study of Circulatory 
Changes in Hydronephrosis, Caseo-Cavernous Tuberculosis and Polycystic Kid- 
ney, J. Urol. 11:131 (Feb.) 1924. 

13. Ritter and Baehr (footnote 1, second reference). 

14. Alvarez, W. C.: Blood Pressure in University Freshmen and Office 
Patients, Arch. Int. Med. 26:381 (Oct.) 1920. 
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of 140 mm. in men and of 130 mm. in women. Janeway '* was of the 
opinion that any pressure of 135 mm. up to middle life, and 145 or 150 
mm. thereafter, was abnormal. The presence of persistent or signiti- 
cant hypertension can usually be established either by frequent periodic 
readings of the blood pressure or by examination of the fundus of the 
eve. Fisher '* found that the average systolic blood pressure in a large 
group of persons was from 116 mm. at the age of 16 to 136 mm. at 
the age of 65. 


Comparison of Measurements of Renal I'essels 


Cases of Polyeystie Kidney Control Group 
A 


Average Average Average Average 

Ratio of Diameter Ratio of Diameter 
Obser- Vessels Wall to of Vessels, Vessels Wall to of Vessels, 
vation Measured Lumen Microns Measured Lumen Microns 


1 11 70.98 + 0.00 8 + 0.12 


2 § 71.18 0.07 10 72.48 + 0.15 


0.10 9 12.29 + 0.10 
O15 10 72.08 0.15 
0.04 25 11 
0.0s 
0.10 
0.15 
0.11 
0.10 
0.08 
0.08 
O17 
0.12 
0.19 
0.09 
0.11 
0.05 


0.00 


t 


0.04 
0.09 
O17 
O11 
O15 
0.14 


0.19 


lt 1+ I+ 1+ I+ I+ 


+ 


0.12 
0.12 
O15 
0.10 


It 1+ It I+ H+ 


Om 
0.11 


i+ 


= 
= 
= 
= 
= 


CLINICAL DATA 

The clinical data taken from the records of seventy-four patients 
who had died are shown in the accompanying table; a diagnosis of 
polycystic kidney was made in all of these cases. In this group, com- 
posed of twenty-five women and forty-nine men, the average age at the 
time of death was 50. The blood pressure was noted in seventy-two 
cases. The systolic blood pressure was found to be 145 mm. of mercury 
or more in fifty-four cases (75 per cent). The diastolic pressure was 


15. Janeway, T. C.: Important Contributions to Clinical Medicine During the 
Past Thirty Years from the Study of Human Blood Pressure, Bull. Johns Hop- 
kins Hosp. 26:341 (Oct.) 1915. 

16. Fisher, J. W., quoted by Norris, G. W.; Bazett, H. C.. and MeMillian. 
T. M.: Blood-Pressure, Its Clinical Applications, Philadelphia. Lea & Febiger, 


1927. 


> 
3 10 1:14 4s 
4 10 
5 10 1:0.4 29 
6 6 1:1.3 
7 10 1:1.2 
8 10 1:15 
10 1:14 
10 10 1:1.4 30 
ll 10 
12 10 333.) 30 
13 10 1:1.2 4? 
14 7 1:1.4 
15 1:1.8 42 
16 10 1:1.1 47 
17 9 1:1.4 40 
18 10 1:11 35 
19 10 1:1.2 


504 ARCHIVES OF INTERNAL MEDICINE 


more than 95 mm. of mercury in forty-two cases (58 per cent). 
Examination of the retina revealed sclerosis of the retinal arterioles in 
68 per cent. 

Wagener ** recently stated: “In my opinion, all of the branches of 
the central artery usually studied with the ophthalmoscope are arterioles. 
Visible sclerosis of these vessels, not secondary to primary disease of 
the optic nerve, of the retina or of the choroid coat, is practically always 
evidence of hypertensive disease, whether or not the readings of blood 
pressure are high at the time of examination . . . The same proc- 
esses observed in the retina are going on in the arterioles throughout 
the body.” 


Fig. 1.—Polycystic kidney with systolic blood pressure plotted according to 
the age. The large number of cases in which the blood pressure was above 145 
mm. of mercury and the lack of correlation between age and blood pressure may 
be noted. 


Cardiac enlargement was evident in 32 per cent of the cases observed 
by me. Hypertension occurred in twenty-eight cases in which the age 
did not exceed 52, and in twenty-six cases in which it was more than 52. 
The coefficient of correlation between the age and the blood pressure 
was found to be 0.17+ 0.08 (fig. 1). In other words, in the majority 
of these cases the element of age was not the main factor causing the 
hypertension, as there was almost no correlation between the age and 
the blood pressure in this group of patients with polycystic disease of the 


17. Wagener, H. P.: Retinal Vascular Changes in Hypertension, Proc. Staff 
Meet.. Mayo Clin. 5:203 (July 23) 1930. 
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kidneys. If this hypertension resulted because of the general wear and 
tear on the cardiovascular system, a much closer correlation between 
the readings for the age and the blood pressure would be disclosed. 

In 86 per cent of the cases in this group, definite evidence of renal 
insufficiency was shown by determinations of the urea or the phenol- 
sulphonphthalein. Anemia was revealed in 66 per cent. The specific 
gravity was below 1.010 in most of the cases. In approximately 70 
per cent, albuminuria graded 2 was shown. 


CONTROLS 


A study of seventy-two cases of pyelonephritis (in subjects of cor- 
responding sex and age) was carried out. This group was chosen in 
order to eliminate as far as possible the influence of age, sex, renal 
infection and the like on the blood pressure. In 26 per cent gf thes 


ure Ln ot Fp 


i 


Fig. 2—Patients with pyelonephritis of age and sex corresponding to cases in 
figure 1. The large number whose blood pressure was below 145 mm. of mercury, 
and the close correlation (0.56) between age and blood pressure may be noted. 
This is similar to correlations between height and weight of human beings, as 
noted by Thurstone. 


cases the readings of the blood pressure were indicative of hypertension. 
In 24 per cent, the retinal examination revealed sclerotic changes in 
the eyegrounds. Associated retinitis was not noted in this group. 
Cardiac enlargement was noted in 8 per cent. 

Correlation between age and blood pressure was also found in this 
group. The coefficient was 0.56+0.05, which was comparable to the 
correlation found by Thurstone,’* between height in inches and weight 
in pounds in human beings (fig. 2). The hypertension in this control 


18. Thurstone. L. L.: Fundamentals of Statistics. New 
Company, 1925, p. 202. 
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group is dependent largely on the factor of age just as it would be in 
practically every other condition, although the general average reading 
of the blood pressure is slightly higher than normal because of the 


renal infection and its aftermath. 


Fig. 3.—a, normal arteriole adjacent to the glomerular capsule. The relation 
of the wall to the lumen may be noted. Van Gieson’s stain; & 650. b, arteriole 
in a polycystic kidney with the lumen almost obliterated by nuclear proliferation 
adjacent to the glomerulus. Hematoxylin and eosin stain: & 750. 


Fig. 4.—a, an afferent arteriole in an apparently normal kidney. Hematoxylin 
- 650. b, an arteriole in a polycystic kidney ; marked thickening 


x 750. 


and eosin stain; X 
of the media may be noted. Van Gieson’s stain; 
RENAL VESSELS 
Nineteen polycystic kidneys were available for microscopic studies 
(figs. 3b and 4b). Representative sections were made from several areas 
of each kidney and the tissues were stained with hematoxylin and eosin 


Wiegert’s elastic tissue stain and van Gieson’s connective tissue stain 


= 
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\s controls, nineteen kidneys were selected from patients of the sanv 
age and sex in whom death had occurred following a condition other 
than cardiovascular renal disease (figs. 3a and 4a). The same stains 
and technic were employed. The measurements were made after the 
method of Kernohan with a Bausch and Lomb micrometer, care being 
taken to select the vessels cut at right angles. 

The diameter of the small arteries and the arterioles was obtained 
in each case. From eight to twelve arterioles and small arteries were 
measured in each polycystic kidney and in each normal kidney, and the 


average size for each group was computed. The probable error for each 


fra 


: 
% 


Fig. 5.—The average of individual readings of each case is shown charted as 
dots in cases of polycystic kidney; they are also arranged according to the age 


of the patient. The control groups are charted in a similar manner, in circles 


group of measurements was also calculated. Under these circumstances, 
the same factors of error tend to be carried from one group to the 
other, and any serious source of error is avoided. 

Such measurements of the arterioles show that in the normal kidney 
the ratio of the wall to the lumen varies from 1: 1.90 to 1: 2.59, and 


the average ratio was approximately 1: 2.20, as noted in figure 5. 
The variation between the vessels that were measured in one subject 
was found to be approximately the same as the variation between the 
averages of different subjects (table). 
The variations in the vessels of the polycystic kidney taken from 
subjects of the same age and sex as those in the control group averaged 
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from 1:0.96 to 1: 1.85, with most of the cases occurring between a 
ratio of from 1:1.15 to 1:1.40. Thus, a variation is seen within the 
group of polycystic kidneys as in the group of normal kidneys, but there 
is a wide and consistent difference between the two groups (fig. 5). 


COMMENT 

The question of hypertension occurring with congenital polycystic 
disease of the kidney has been an interesting point in the literature. 
Hypertension has been explained on a purely renal basis by some 
authors.'? However, the presence of hypertension in congenital poly- 
cystic disease of the kidney is not necessarily secondary to renal changes. 
Since retinal sclerosis is present in a high percentage of cases, and since 
it is found more frequently than the secondary factor of cardiac enlarge- 
ment, it seems probable that the sclerosis is more closely related to the 
cause than to the result of hypertension. Cardiac hypertrophy was 
found on clinical observation in 32 per cent of the cases in this series. 
There can be no doubt that if all of the hearts in this series had been 
available for weighing, many more would have been found larger than 
normal, since it is extremely difficult to observe slight enlargement of 
the heart in a living person. 

Peripheral sclerosis, a clinical observation, is rarely recorded with a 
high degree of accuracy, and unless observed by one specially interested 
in this subject, it is frequently not noted. This probably explains the 
discrepancy between the retinal and the peripheral sclerosis in this study. 
The importance of retinal sclerosis in any studies of hypertension 
cannot be overemphasized when properly controlled. 

Renal vascular change undoubtedly is significant in the clinical 
picture of congenital polycystic kidney. The marked mechanical inter- 
ference on the vascular pattern with consequent stretching and straining 
of the arteries and arterioles, the increase in the thickness in the walls 
of the arterioles and of the small arteries are facts which have not been 
previously emphasized in the study of this group of cases of renal 
insufficiency. 

Furthermore, the proper study of any group of cases of hyper- 
tension should include a fairly selected control group which offers 
opportunity to compare and include such factors as age, sex, chronicity 
and peculiarities of the organs. It is thought that these requisites have 
been thoroughly considered in choosing a control group of cases of 
chronic pyelonephritis. 

19. Fahr, T.: Ueber die Beziehungen von Arteriolensklerose, Hypertonie und 
Hertzhypertrophie, Virchows Arch. f. path. Anat. 239:41, 1922. Passler and 
Heinike: Versuche zur Pathologie des Morbus Brightii, Verhandl. d. deutsch. 
path. Gesellsch. 9:99 (Sept.) 1905. 
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SUMMARY AND CONCLUSIONS 

1. Evidence at hand indicates that in the majority of cases of poly- 
cystic kidney, significant or persistent hypertension is present. 

2. There is marked thickening of the walls of the arterioles and of 
the small arteries of the polycystic kidney, with consequent reduction 
in the ratio between the thickness of the wall and the diameter of the 
lumen of the vessels of the kidney. 

3. The high incidence of retinal sclerosis in these cases indicates 
that the process probably is associated with a generalized vascular 
disturbance. 


228 Myrtle Street. 


Book Reviews 


LE DIABETE SUCRE SON TRAITMENT. 3y P. A. Carrie. Price, 20 francs. 
Pp. 91. Paris: Gaston Doin & Cie, 1930. 


It is a general fault of articles in the French literature that practically no 
attention is paid to the matter of bibliography. Carrie's treatise is no exception, 
and this detracts considerably from the value of the book to those who may wish 
to go to original sources for confirmation of the statements made in the text. 
Such neglect of the literature gives the impression that the authority of the 
professor's spoken word is supreme in France, and that the critical questioning 
of authority which has developed, particularly in Germany and America, and 
which is so stimulating to progress, is sadly lacking there. 

A few errors are noted. The author, for instance, in a footnote implies that 
alcohol is converted into sugar. He also contrasts the ketogenic-antiketogenic 
ratio, 2:1, of Shaffer with the 4:1 ratio of Ladd and Palmer, overlooking the 
fact that Shaffer's ratio is one of molecules of fatty acid to molecules of dextrose, 
whereas Ladd and Palmer expressed the proportions in terms of grams of fat 
to grams of carbohydrate. When recalculated into molecules, Ladd and Palmer's 
ratio is essentially the same as that of Shaffer. 

It is also evident from the context that the author has not comprehended the 
fact that these ratios are significant only as far as they express the proportions 
of the various food factors actually metabolizing. The ratio of the factors in 
the diet will be the same as that of foods metabolizing only when none of the 
food eaten is stored and all caloric requirements are perfectly satisfied. 

The treatment for coma, from the point of view of many American clinicians, 
is inadequate. The use of alkali is reserved for cases in which insulin is temporarily 
unobtainable, and little or no attention is paid to the important question of pro- 
viding fluids to combat dehydration. 

The reviewer is further dissatisfied with the consideration given the question 
of diabetes in pregnancy. He has not observed increasing severity as pregnancy 
progresses; on the contrary, in many instances the tolerance increases in the later 
months of pregnancy and continues high during lactation. Nor does he agree 
with the unqualified statement that nursing the infant aggravates the mother’s 
diabetes. 

Despite these few objections, the reviewer finds himself in sympathy with the 
author’s views. The treatise is an excellent presentation of a method of treating 
patients with diabetes, which resembles closely that in use in the leading American 
clinics, a method in which empiricism has been replaced by a scientifically adjusted 
dietary and the precise use of the now availabie substitution therapy. 


Text-Book or MEpIcINE. Edited by Russert L. Cecir, A.B., M.D., Sc.D., 
Assistant Professor of Clinical Medicine in Cornell University; Assistant 
Visiting Physician in Bellevue Hospital, New York, and Associate Editor 
for Diseases of the Nervous System, Foster KEeNNeEpy, M.D., F.R.S.E., 
Professor of Neurology in Cornell Universif¥; Head of Neurological Depart- 
ment, Bellevue Hospital. Second edition, revised and entirely reset. Cloth 
Price, $9. Pp. 1,592. Philadelphia: W. B. Saunders Company, 1930. 

The first edition of Cecil’s “Text-Book of Medicine,” published in 1927, met 
with unqualified success as a response to an evident demand for an authoritative 
text covering the entire field of medicine in a single volume. After three 
reprintings, the second edition appears, thoroughly revised, many chapters entirely 
rewritten and several new chapters added. The entire type has been reset. A 
work of this character deserves special mention. 


BOOK REVIEIVS 


There are 135 contributors, each a recognized authority in the particular 
field which he covers. These are for the most part well known teachers of 
medicine in medical colleges of American universities, but contributors from Porto 
Rico, China, the United States Public Health Service, semiprivate sanatoriums 
and the curator of the New York Zoo have been included, each adding authorita 
tive chapters in some particular field of medical science. Uniformity of style 
has been sacrificed for authoritative presentation, but save in a few instances 
this proves of little consequence. As editor, Cecil states in the introduction 
to the present volume that “it is doubtful if any author of the future will have 
the temerity to write a complete text-book of medicine without considerable 
collaboration,” 

The section on the diseases of the nervous system is edited by Dr. Foster 
Kennedy. Of this, the chapters on the method of neurologic examination and 
the diagnostic significance of the cerebrospinal fluid should prove instructive to 
students. The diseases of the nervous system are presented with sufficient detail 
and perspective to serve the student's needs. 

The book is completely indexed, eighty-nine pages being devoted to this 
task, which greatly enhances the value of the work as a ready reference treatise. 


PERNICIOUS ANEMIA. 3y LEYBOURNE STANLEY Patrick Davipson, B.A., 
M.D., F.R.C.P.E., Lecturer in Systematic and in Clinical Medicine in the 
University of Edinburgh and GreorGe Lovett GuLtanp, C.M.G., LL.D. 
M.D., Consulting Physician to the Royal Infirmary, Edinburgh. Appendix 
on Dietitic Treatment by Ruth Pybus, Sister Dietitian, Royal Infirmary, 
Edinburgh. Introduction by Lawrence D. Thompson, M.D., Assistant Pro- 
fessor of Clinical Medicine, Washington University School of Medicine. Cloth 

Price, $8.50. Pp. 293, with illustrations. St. Louis: C. V. Mosby Company, 

1930. 


Secause of the great advance in knowledge of pernicious anemia and its treat- 
ment, a monograph on the subject is not only warranted but desirable. The 
recent discovery of liver therapy was not accidental, but came to fruition through 
painstaking research by many persons which culminated in the experimental! 
treatment, by Whipple and his collaborators, of animals with anemia with a diet 
of liver and the clinical application of the principles to patients by Minot and 
Murphy in 1926. In addition to this therapeutic advance, great gains have been 
made during the past decade in knowledge of the formation of blood, the destruc 
tion of blood and the metabolism of pigment. Refined methods in hematology, 
bacteriology and ‘biochemistry have all added their quota. Unfortunately, this new 
and useful knowledge has failed to answer many questions concerning the etiol 
and pathogenicity of the disease but has, on the contrary, opened up 
leads for further research on questions of fundamental importance. 

The authors have given a critical review of the literature dealing with ever) 
aspect of the disease from the earliest descriptions to’the recent fundamental c 
tributions of Peabody, Castle, Minot and Murphy and Sturgis. Chapters 
devoted to a historical review, the physiology of the formation and destructi 
of blood, the pathology, etiology, symptomatology, diagnosis, prognosis and tre: 
ment with an appendix on dietotherapy, a bibliography and an index. Excellent 
discussions appear frequently by writers who have had a large experimental and 
clinical experience with the disease. The book was written primarily for th 
specialist, but should be of equal service to the student and the medical practitio 


Many new 


CEBER DAS PROBLEM DER BOSARTIGEN GESCHWULSTE: EINE E 
UND THEORETISCHE UNTERSUCHUNG. By Progr. Dr. Lotuar HEIpENHAI? 
Price, 42 marks. Pp. 229. Berlin: Julius Springer, 1930. 


The essence of Dr. Heidenhain’s experimental work is the production 
neoplasms in mice by the injection of extracts of cancer tissue. The rest of 


ok also contains elaborate theoretical discussion of the implication of 
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experiments and their relation to other theories of the production of cancer. He 
believes that there is a carcinogenic agent in cancer tissue that has the power 
to cause the formation of secondary tumors on its injection into animals of 
different species. The work is excellently illustrated with superb photomicrographs 
of cancers produced experimentally in mice. 

There are, however, insuperable difficulties to the acceptance of this theory. 
The well known frequency of spontaneous disease in mice is the greatest of these. 
Sixteen per cent of the animals into which injections were made developed tumors, 
which is a scarcely greater ratio than one would normally expect in many strains 
of laboratory mice. There is also the equally well known fact that a large number 
of totally nonspecific irritations or traumas will produce cancer in mice. 

Unless further experimental work can show that the difference between cancers 
produced by injection and the normal cancer rate in mice is of a far higher degree, 
one cannot assume that anything has been proved as to the etiology of cancer. 


CurRoNic ARTHRITIS AND RHEUMATOID AFFECTIONS—WuTH RECOVERY 
Recorps. By Dr. BERNARD LANGDON Wyatt, Director of the Wyatt 
Clinic, Tucson, Ariz. Price, $2.50. Pp. 139. New York: William Wood & 
Company, 1930. 

Under this rather ambiguous title, the author has written an account of 
chronic rheumatism. He presents some dietary fads, recommending a diet with 
an alkaline ash for rheumatoid arthritis and acid base foods for osteo-arthritis. 
He overstresses the value of colonic lavage, but properly emphasizes the impor- 
tance of free evacuation from the bowel. He makes the rather common error 
that viosterol may be substituted for cod liver oil in cases of rheumatoid arthritis. 
He stresses, and the reviewer believes properly, the importance of climate in the 
treatment for certain types of chronic arthritis. 

In his orthopedic treatment he follows Swaim; this chapter is one of the best. 

The volume is written in a popular style and covers the whole field in a 
satisfactory manner. The general practitioner will find this book helpful, as the 
methods of treatment are presented concisely. 


INTERNATIONAL MEpicAL ANNUAL. A YEAR Book OF TREATMENT AND 

PRACTITIONER’S INDEX. Price, $6. Pp. 910. New York: William Wood 

& Company, 1930. 

This year’s annual is no exception to any of the preceding numbers. It is 
well condensed and unusually complete considering the amount of subject material 
to be covered. For the internist, the recent advances in diabetes and peptic 
ulcers are especially interesting. Various conditions that may be relieved by peri- 
arterial sympathectomy are discussed. Treatment jor lobar pneumonia with 
Felton’s concentrated antipneumococcus serum is mentioned in a large series of 
cases. The treatment for gonorrheal arthritis is thoroughly discussed. As a 
whole, there are few fields of any importance that have been omitted, including 
advances in public health. Perhaps the most important feature is in the field of 
current therapy, which one rarely finds so completely covered in a single volume. 
As a reference work for the physician, it has its most useful place. 


Association for the advancement of scientific medicine in the United States 
and as a medium of publication for research and observation i 
ok in the domain 

Manuscripts for publication, books for review, and relating 
to the editorial management should be sent to Dr. Joseph L. Miller, Editor-in- 
Chief, 122 South Michigan Boulevard, Chicago, or to any other member of the 
Editorial Board. Commnumications regarding subscriptions, ints, etc., should 
be addressed, AncHIves or INTERNAL MEDICINE, American Medical Association, 
535 North Dearborn Street, Chicago. 

Articles are accepted for publication on condition that are contributed 
solely to the Arcnives or INTERNAL MEDICINE. must be type- 
and the copy should be submitted. 

ine et a tones ustrations wi Sip,’ the Associati 
when the illustrations warrant. 

Footnotes and bibliographies should conform to the of the Quarterl 
Cumulative Index Medicus, published by the American Medici Association. Thie 
requires, in order given: name of author, title of article, name of periodical, with 
volume, page, month —day of month if weekly —and year. A complete list of 
abbreviations for standard periodicals, together with a full discussion of the Style 
of the A. M. A. publications, appears in The Art and Practice of Medical Writ- 
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